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SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

The disclosure of Japanese Patent Application No. 2009-
2’78214 filed on Dec. 8, 2009 including the specification,
drawings and abstract 1s incorporated herein by reference 1n
its entirety.

BACKGROUND OF THE INVENTION

The present mvention relates to a semiconductor device
and a method of manufacturing thereof, and 1n particular, to a
technology effective for a highly heat-releasing semiconduc-
tor package and a method of manufacturing thereof.

A BGA package type semiconductor device 1s manufac-
tured by mounting a semiconductor chip over a wiring sub-
strate, by coupling electrically an electrode of the semicon-
ductor chip with a coupling terminal of the wiring substrate
through the use of a bonding wire, by sealing the semicon-
ductor chip and the bonding wire with a resin, and then by
connecting a solder ball with the rear surface of the wiring
substrate.

Japanese Patent Laid-Open No. 1999-163230 (Patent
Document 1) describes the technology of semiconductor
device 1n which a semiconductor chip 1s placed 1n a face-
down position within an opening of the package substrate, the
rear surface of the semiconductor chip and the rear surface of
the package substrate are brought 1nto contact with a thermal-
conducting member, and the bonding pad over the semicon-
ductor chip 1s coupled with an external terminal of the pack-
age substrate.

SUMMARY OF THE INVENTION

The study of the inventor of the present invention derived
the following findings.

A semiconductor device which uses a wiring substrate
having an msulation layer and mounts a semiconductor chip
over the wiring substrate has lower heat-release properties
than that of a semiconductor device which uses a lead frame
made of metal and mounts a semiconductor chip over the lead
frame.

Accordingly, as a measure against heat release from a
semiconductor device using a wiring substrate, there can be
considered a method of locating an external terminal (solder
bump) for heat release over the mounting surface of the wir-
ing substrate, and of releasing the heat from the semiconduc-
tor device to the mounting substrate (mounting substrate on
which the semiconductor device 1s mounted) via the heat-
releasing external terminal.

In the case of that type of semiconductor device, however,
there 1s required, also at the side of the mounting substrate,
placing a bump land (electrode pad) coupled with the heat-
releasing external terminal directly thereon, which lowers the
freedom of wiring layout over the mounting substrate.

Consequently, the inventor of the present mvention has
studied the fixing of a heat-releasing plate made of metal as
the thermal-conducting member to the wiring substrate, as
described 1n Patent Document 1, and the mounting of the
semiconductor chip over the heat-releasing plate. The struc-
ture of Patent Document 1 would allow not only the improve-
ment of the heat-release properties, but also the additional
improvement ol the heat-release properties by connecting
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2

other heat-releasing member (heat sink) with the heat-releas-
ing plate after mounting the semiconductor device over the

mounting substrate.

However, according to the method of attaching the heat-
releasing plate to the wiring substrate as described 1n Patent
Document 1, 1t was found that the heat-releasing plate 1s
separated from the wiring substrate 1n some cases owing to
the heat generated 1n mounting the semiconductor chip over
the heat-releasing plate or to the effect of load. A cause of the
phenomenon 1s the difference 1n the thermal expansion coet-
ficient between the wiring substrate and the heat-releasing
plate. Thermal effect causes expansion and shrinkage 1n each
of the wiring substrate and the heat-releasing plate. Since the
magnitude of expansion and of shrinkage differ 1n each of the
wiring substrate and the heat-releasing plate, the stress 1s
focused on the adhesion layer to cause fracture at the adhesion
layer. In inserting the protruded chip-mounting part (the chip-
mounting part of the heat-releasing plate) into the through-
hole of the wiring substrate, a gap 1s preliminarily formed
between the side surface of the chip-mounting part and the
inside wall of the through-hole of the wiring substrate for the
convenience of sertion of the heat-releasing plate into the
wiring substrate, which weakens the holding force of heat-
releasing plate.

The present invention has been made in view of the above
circumstances and provides a technology capable of improv-
ing the heat-releasing characteristics of semiconductor
device.

Furthermore, the present invention has been made 1n view
of the above circumstances and provides a technology
capable of improving the reliability of semiconductor device
capable of improving the reliability of semiconductor device.

The other purposes and the new feature of the present
invention will become clear from the description of the
present specification and the accompanying drawings.

The following explains briefly the outline of a typical
invention among the mventions disclosed 1n the present appli-
cation.

According to a method of manufacturing semiconductor
device 1n a typical embodiment, the heat-releasing plate 1s
positioned over the first main surface of the wiring substrate
so that the side surface of the convex part ol the heat-releasing
plate faces the 1nside wall of the through-hole of the wiring
substrate, and then the groove formed 1n the main surface of
the convex part of the heat-releasing plate 1s forcibly widened
to bring a portion of the side surface of the convex part of the
heat-releasing plate to contact with the inside wall of the
through-hole of the wiring substrate, and to thereby fix the
heat-releasing plate to the wiring substrate.

The following explains brietly the effect acquired by the
typical mvention among the inventions disclosed in the
present application.

The typical embodiments can improve the heat-release
properties ol semiconductor device.

Furthermore, the typical embodiments can improve the
reliability of semiconductor device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of a semiconductor device
in an embodiment of the present invention;

FIG. 2 1s a cross-sectional view of a semiconductor device
in an embodiment of the present invention;

FIG. 3 1s a main-part cross-sectional view of a semicon-
ductor device 1 an embodiment of the present invention;

FIG. 4 1s a main-part cross-sectional view of a semicon-
ductor device 1n an embodiment of the present invention;
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FIG. 5 1s a top view ol a semiconductor device 1n an
embodiment of the present invention;

FIG. 6 1s a bottom view of a semiconductor device 1n an
embodiment of the present invention;

FI1G. 7 1s a plane perspective view (top view) ol a semicon-
ductor device 1n an embodiment of the present invention;

FIG. 8 1s a plane perspective view (bottom view) of a
semiconductor device in an embodiment of the present inven-
tion;

FIG. 9 1s a plane perspective view (bottom view) of a
semiconductor device in an embodiment of the present inven-
tion;

FIG. 10 1s a plane perspective view (bottom view) of a
semiconductor device 1n an embodiment of the present inven-
tion;

FIG. 11 1s a top view of a wiring substrate used 1n semi-
conductor device 1n an embodiment of the present invention;

FIG. 12 1s a bottom view of a wiring substrate used in
semiconductor device in an embodiment of the present inven-
tion;

FIG. 13 1s a top view of a heat-releasing plate used in
semiconductor device in an embodiment of the present inven-
tion;

FIG. 14 1s a bottom view of a heat-releasing plate used in
semiconductor device 1n an embodiment of the present inven-
tion;

FIG. 15 1s a side view of a heat-releasing plate used in
semiconductor device 1n an embodiment of the present inven-
tion;

FIG. 16 1s a cross-sectional view of a heat-releasing plate
used 1n semiconductor device in an embodiment of the
present invention;

FIG. 17 1s a cross-sectional view of a heat-releasing plate
used 1n semiconductor device in an embodiment of the
present invention;

FI1G. 18 1llustrates amounting example of a semiconductor
device, 1n cross-sectional view, 1n an embodiment of the
present invention;

FIG. 19 1llustrates another mounting example of a semi-
conductor device, 1n cross-sectional view, 1n an embodiment
of the present 1nvention;

FIG. 20 1llustrates a further mounting example of a semi-
conductor device, 1n cross-sectional view, 1n an embodiment
of the present 1nvention;

FIG. 21 illustrates a still another mounting example of a
semiconductor device, 1n cross-sectional view, 1n an embodi-
ment of the present invention;

FI1G. 22 illustrates a flow diagram of manufacturing pro-
cess of semiconductor device 1n an embodiment of the present
invention;

FI1G. 23 1s a top view (entire plan view) ol a wiring substrate
used 1n the manufacturing process of semiconductor device in
an embodiment of the present invention;

FIG. 24 1s a bottom view (entire plan view) of a wiring
substrate used in the manufacturing process of semiconductor
device 1n an embodiment of the present invention;

FIG. 25 1s a part-enlarged plan view (bottom view) of FIG.
24;

FI1G. 26 1s a cross-sectional view of the wiring substrate of
FIG. 25;

FI1G. 27 1s a plan view of a frame used in the process of
manufacturing semiconductor device in an embodiment of
the present invention;

FIG. 28 1s a cross-sectional view of the frame of FIG. 27;

FI1G. 29 1s a plan view of a semiconductor device during
manufacturing process in an embodiment of the present
invention;
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FIG. 30 1s a cross-sectional view of the semiconductor
device, which is the same as 1n FIG. 29, during manufacturing
Process;

FIG. 31 1s a plan view of the semiconductor device 1n the
next step of FIG. 29, during manufacturing process;

FIG. 32 1s a cross-sectional view of the semiconductor
device, which is the same as 1n FIG. 31, during manufacturing
Process;

FIG. 33 15 a plan view of the semiconductor device in the

next step of FI1G. 31, during manufacturing process;

FIG. 34 1s a cross-sectional view of the semiconductor
device, which 1s the same as 1n FIG. 33, during manufacturing
Process;

FIG. 35 15 a plan view of the semiconductor device in the
next step of FIG. 33, during manufacturing process;

FIG. 36 1s a plan view of the semiconductor device, the
same as that 1 FIG. 35, during manufacturing process;

FIG. 37 1s a cross-sectional view of the semiconductor
device, which 1s the same as 1n FIG. 35, during manufacturing
Process;

FIG. 38 15 a plan view of the semiconductor device in the
next step of FIG. 35, during manufacturing process;

FIG. 39 1s a cross-sectional view of the semiconductor
device, which is the same as 1n FIG. 38, during manufacturing
Process;

FIG. 40 1s a plan view of the semiconductor device 1n the
next step of FIG. 38, during manufacturing process;

FIG. 41 1s a plan view of the semiconductor device, the
same as that 1 FIG. 40, during manufacturing process;

FIG. 42 1s a cross-sectional view of the semiconductor
device, which is the same as 1n FIG. 40, during manufacturing
Process;

FIG. 43 1s a cross-sectional view of the semiconductor
device 1n the next step of FIG. 42, during manufacturing
Process;

FIG. 44 1llustrates a state immediately before the cutting
step;

FIG. 45 1llustrates a state immediately before the cutting
step:

FIG. 46 1s a cross-sectional view of the semiconductor
device 1n the next step of FIG. 43, during manufacturing
Process;

FIG. 47 illustrates the step of positioning heat-releasing
plate 4 and the step of fixing (swaging) thereof 1n the steps S35
and S6, respectively;

FIG. 48 1llustrates the step of positioning heat-releasing
plate 4 and the step of fixing (swaging) thereof 1n the steps S35
and S6, respectively;

FIG. 49 1llustrates the step of positioning heat-releasing
plate 4 and the step of fixing (swaging) thereof 1n the steps S35
and S6, respectively;

FIG. 50 1illustrates the step of positioning heat-releasing
plate 4 and the step of fixing (swaging) thereotf in the steps S5
and S6, respectively;

FIG. 51 illustrates the step of positioning heat-releasing
plate 4 and the step of fixing (swaging) thereof in the steps S5
and S6, respectively;

FIG. 52 1llustrates the step of positioning heat-releasing
plate 4 and the step of fixing (swaging) thereof 1n the steps S35
and S6, respectively;

FIG. 53 illustrates the step of positioning heat-releasing
plate 4 and the step of fixing (swaging) thereof 1n the steps S35
and S6, respectively;

FIG. 54 1llustrates the step of positioning heat-releasing
plate 4 and the step of fixing (swaging) thereof 1n the steps S35
and S6, respectively;
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FIG. 55 1llustrates the step of positioming heat-releasing
plate 4 and the step of fixing (swaging) thereot in the steps S5
and S6, respectively;

FIG. 56 illustrates the step of mol

FI1G. 57 1llustrates the step of mol

FI1G. 58 1llustrates the step of mol

FI1G. 59 1llustrates the step of mol

FI1G. 60 1llustrates the step of mol

FI1G. 61 1llustrates the step of mol

FI1G. 62 1llustrates the step of mol

FI1G. 63 1llustrates the step of mol

FI1G. 64 1llustrates the step of mol

FIG. 65 1illustrates the step of mol

FIG. 66 illustrates the step of molding;

FIG. 67 illustrates the step of molding;

FIG. 68 1llustrates a flow diagram of manufacturing pro-
cess of semiconductor device in other embodiments of the
present invention;

FIG. 69 1s a plan view of semiconductor device during
manufacturing process 1n other embodiments of the present
invention;

FIG. 70 1s a cross-sectional view of the semiconductor
device, which 1s the same as 1n FIG. 69, during manufacturing
process;

FI1G. 71 1s a plan view of the semiconductor device 1n the
next step of FIG. 69, during manufacturing process;

FIG. 72 1s a cross-sectional view of the semiconductor
device, which 1s the same as 1n FIG. 71, during manufacturing
pProcess;

FI1G. 73 1s a plan view of the semiconductor device 1n the
next step of FIG. 71, during manufacturing process;

FIG. 74 1s a cross-sectional view of the semiconductor
device, which is the same as 1n FIG. 73, during manufacturing
Process;

FIG. 75 1s a cross-sectional view of a semiconductor device
in further embodiment of the present invention;

FIG. 76 1s another cross-sectional view of the semiconduc-
tor device of FIG. 75;

FI1G. 77 1s a cross-sectional view of a semiconductor device
in other embodiment of the present invention;

FI1G. 78 1s another cross-sectional view of the semiconduc-
tor of FIG. 77,

FIG. 79 1s an upper surface view of the semiconductor
device of FI1G. 77;

FIG. 80 1s a lower surface view of the semiconductor
device of FIG. 77;

FI1G. 81 1s a plane perspective view (lower surface view) of
the semiconductor device of FIG. 77;

FI1G. 82 15 a plane perspective view (lower surface view) of
the semiconductor device of FI1G. 77;

FI1G. 83 1llustrates the process of manufacturing semicon-
ductor device 1n further embodiment of the present invention;

FI1G. 84 1llustrates the process of manufacturing semicon-
ductor device 1n the further embodiment of the present inven-
tion;

FIG. 85 illustrates the process of manufacturing semicon-
ductor device 1n the further embodiment of the present inven-
tion;

FI1G. 86 1llustrates the process of manufacturing semicon-
ductor device 1n the further embodiment of the present inven-
tion;

FI1G. 87 1s across sectional view of semiconductor device in
still further embodiment of the present invention;

FIG. 88 1s another cross-sectional view of the semiconduc-
tor device of FIG. 87; and

FI1G. 89 1s a plan view of the heat-releasing plate used in the
semiconductor device of FIG. 87.
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DETAILED DESCRIPTION OF TH
EMBODIMENTS

5, PREFERRED

The following embodiments will be explained, divided
into plural sections or embodiments, 1f necessary for conve-
nience. Except for the case where 1t shows clearly 1n particu-
lar, they are not mutually unrelated and one has relationships
such as a modification, details, and supplementary explana-
tion of some or entire of another. In the following embodi-
ments, when referring to the number of elements, etc. (includ-
ing the number, a numeric value, an amount, a range, etc.),
they may be not restricted to the specific number but may be
greater or smaller than the specific number, except for the
case where they are clearly specified 1n particular and where
they are clearly restricted to a specific number theoretically.
Furthermore, 1n the following embodiments, 1t 1s needless to
say that an element (including an element step etc.) 1s not
necessarily indispensable, except for the case where it 1s
clearly specified in particular and where it 1s considered to be
clearly indispensable from a theoretical point of view, etc.
Similarly, 1n the following embodiments, when shape, posi-
tion relationship, etc. of an element etc. 1s referred to, what
resembles or 1s similar to the shape substantially shall be
included, except for the case where 1t 1s clearly specified 1n
particular and where it 1s considered to be clearly not right
from a theoretical point of view. This statement also applies to
the numeric value and range described above.

The embodiments of the present invention will be
described below 1n detail referring to the drawings. In all the
drawings for explaining embodiments, the same symbol 1s
attached to the same member, as a principle, and the repeated
explanation thereof 1s omitted. In the following embodi-
ments, description about the same or similar part 1s not
repeated, 1n principle, other than the case specifically
required.

In order to make a drawing intelligible, hatching may not
be attached even 1f 1t 1s a cross-sectional view, and hatching
may be attached even 11 i1t 1s a plan view.

Embodiment 1

The semiconductor device and the method of manufactur-
ing thereotf (manufacturing process) according to an embodi-
ment of the present invention are described below referring to
the drawings.

<Structure of Semiconductor Device>

FIG. 1 and FIG. 2 show cross-sectional views (si1de surface
cross-sectional views) ol a semiconductor device 1 according
to an embodiment of the present invention. FI1G. 3 and F1G. 4
show main-part cross-sectional views (part-enlarged cross
sectional views) of the semiconductor device 1. FIG. 5 1s an
upper surface view (plan view) of the semiconductor device
1. FIG. 6 1s a lower surface view (bottom face view, rear
surface view, plan view) of the semiconductor device 1. FIG.
7 1s a plane perspective view (upper surface view) of the
semiconductor device 1, illustrating the upper surface side of
the semiconductor device 1 when seen through a sealing
portion 7. FIG. 8 1s a plane perspective view (lower surface
view) of the semiconductor device 1, illustrating the lower
side view of the semiconductor device 1 when seen through a
sealing portion 8. FIG. 9 1s a plane perspective view (lower
surface view) of the semiconductor device 1 1n a state 1n
which, i FIG. 8, the bonding wire BW 1s further removed
(seen through). FIG. 10 1s a plane perspective view (lower
surface view) of the semiconductor device 1 1n a state 1n
which, in FIG. 9, a semiconductor chip 5 1s further removed
(seen through). The cross section along the A1-Al line 1n
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FIGS. 5 to 10 almost corresponds to FIG. 1. The cross section
along the A2-A2 line 1n FIGS. 5 to 10 almost corresponds to
FIG. 2. FIG. 3 corresponds to the part-enlarged view of a
region RG1 (circled) in FIG. 1. FIG. 4 corresponds to the
part-enlarged view of a region RG2 (circled) in FIG. 2. FIG.
11 1s an upper surface view (plan view) of a wiring substrate
2 used 1n the semiconductor device 1 1n the embodiment 1 of
the present invention. FIG. 12 1s a lower surface view (plan
view) ol the wiring substrate 2 used in the semiconductor
device 1 1n the embodiment 1. FIG. 13 i1s an upper suriace
view (plan view) of a hear-releasing plate 4 used 1n semicon-
ductor device 1 1n the embodiment 1. FIG. 14 1s a lower

surface view (plan view) of the heat-releasing plate 4 used 1n
the semiconductor device 1 in the embodiment 1. FIG. 151s a
side surface view of the heat-releasing plate 4 used 1n the
semiconductor device in the embodiment 1. FIG. 16 and FIG.
17 are each a cross-sectional view (side surface cross-sec-
tional view) of the heat-releasing plate 4 used 1n the semicon-

ductor device 1 in the embodiment 1. The cross section along
the B1-B1 line in FIGS. 13 and 14 almost corresponds to FIG.

16. The cross section along the B2-B2 line in F1IGS. 13 and 14
almost corresponds to FIG. 17. However, the position of
B1-B1 line 1n FIGS. 13 and 14 corresponds to the position of
A1-Al line 1 FIGS. 5to 10, and the position of B2-B2 line in
FIG. 13 and FIG. 14 corresponds to the position of A2-A2 line
in FIGS. § to 10. Therefore FIG. 16 shows the same cross
section as that of FIG. 1, and FIG. 17 shows the same cross
section as that of FIG. 2. For convenience of understanding,
FIG. 7 shows the position of a through-hole 3 by a broken line,
which through-hole 3 1s mvisible behind the heat-releasing
plate 4 even looking through the sealing portion 7. Similarly
FIG. 8 shows the position of outer shape of the sealing portion
8 seen through, by a broken line.

The semiconductor device 1 according to the embodiment
1, grven 1 FIGS. 1 to 10, 1s a semiconductor device of
resin-seal type semiconductor package structure.

The semiconductor device 1 of the embodiment 1 com-
prises the wiring substrate 2, the heat-releasing plate 4 being,
inserted 1n a part thereof (a convex part 12) into the through-
hole 3 of the wiring substrate 2, the semiconductor chip 5
being mounted over the convex part 12 of the heat-releasing
plate 4, and a plurality of bonding wires BW each coupling
clectrically the respective electrode pads PD of the semicon-
ductor chip 5 with the respective bonding leads BL of the
wiring substrate 2. The semiconductor device 1 further com-
prises the sealing portion 7 covering a portion of an upper
surface 2a of the wiring substrate 2, the sealing portion 8
covering a portion of a lower surface 26 of the wiring sub-
strate 2 including the semiconductor chip 3 and the bonding
wires BW, and a plurality of solder balls 9 positioned directly
on the lower surface 26 of the wiring substrate 2.

The wiring substrate 2 (substrate, package substrate, wir-
ing substrate for packaging) illustrated 1n FIGS. 1 to 12 has
the upper surface (top surface) 2a as amain surface at one side
and the lower surface (rear surface) as a main surface at
opposite side to the upper surface 2a. In mounting the semi-
conductor device 1 over a mounting substrate 21 (described
later) or the like, since the lower surface 25 side of the wiring
substrate 2 becomes the mounting surface (facing the mount-
ing substrate 21 described later), the lower surface 26 of the
wiring substrate 2 can be considered as the mounting surface.
The upper surface 2a and the lower surface 256 of the wiring
substrate 2 are nearly in parallel each other. Near the central
part of the wiring substrate 2, the through-hole 3 (hole part,
opening) penetrating from the upper surface 2a to the lower
surtace 25 of the wiring substrate 2 1s located.
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The heat-releasing plate 4 (heat-releasing member, ther-
mal-conducting member, heat-spreader) 1llustrated 1n FIGS.
1 to 10 and FIGS. 13 to 17 has an integral structure of: a base
maternial part 11 having a main surface 11a facing the upper
surface 2a of the wiring substrate 2; the convex part 12 being
located at central part of the main surface 11a of the base
material part 11 and protruding from the base material part
11; and a supporting part 13 being formed 1n the main surface
11a of the base material part 11 and contacting with the upper
surface 2a of the wiring substrate 2. The heat-releasing plate
4 1s positioned directly on and fixed to the upper surface 2a of
the wiring substrate 2 so that the convex part 12 1s positioned
in the through-hole 3.

The base material part 11 (base part, flat plate part, heat-
releasing part) of the heat-releasing plate 4 1s 1n a flat plate
shape, and has the main surface 11a facing the upper surface
2a of the wiring substrate 2 and a rear surface 116 which 1s a
main surface at opposite side to the main surface 11a. Therear
surface 115 of the base maternial part 11 1s exposed from the
sealing portion 7 (anupper surface 7a of the sealing portion 7)
to form an exposure surface (heat-releasing surface, heat-
releasing part) of the heat-releasing plate 4. The rear surface
115 of the base material part 11 can be set to be almost tlat. A
side surface 11c¢ of the base material part 11 1s covered with
the sealing portion 7. Larger size of the base matenial part 11
of the heat-releasing plate 4 further increases the heat-releas-
ing performance.

The convex part 12 (protruding part, chip-mounting part)
protruding almost vertical to the main surface 11a 1s formed
near the center of the main surface 11a of the base material
part 11. The convex part 12 1s positioned (inserted) in the
through-hole 3 of the wiring substrate 2. Furthermore, the
semiconductor chip 5 1s mounted over a main surface (top
surface) 12a of the convex part 12. Accordingly, the convex
part 12 of the heat-releasing plate 4 can be considered as the
chip-mounting part. That is, at the lower surface 26 side of the
wiring substrate 2, the semiconductor chip 3 1s mounted
(die-bonded) over the convex part 12 of the heat-releasing
plate 4 positioned in the through-hole 3 of the wiring substrate
2, and thus the semiconductor chip 5 1s 1n a state of being
located at the lower surface 26 side of the wiring substrate 2.

Since the convex part 12 1s positioned 1n the through-hole
3 of the wiring substrate 2, the convex part 12 1s located in the
main surface 11a of the base material part 11 at a position
overlapped 1n a planar view with (included) the through-hole
3 of the wiring substrate 2. On the other hand, since the
supporting part 13 1s positioned outside the through-hole 3 of
the wiring substrate 2 to contact with the upper surface 2a of
the wiring substrate 2, the supporting part 13 1s located at a
position not overlapped in a planar view with the through-
hole 3 of the wiring substrate 2 1n the main surface 11a of the
base material part 11. The term “overlapped in a planar view”™,
“notoverlapped in a planar view”, or “viewed planarly” refers
to herein the case of being viewed (or viewed 1n projection) in
a plane parallel to the upper surface 2a or the lower surface 25
of the wiring substrate 2.

In the semiconductor device 1, the main surface 11a of the
base material part 11 of the heat-releasing plate 4 and the
upper surface 2a of the wiring substrate 2 are almost parallel
to each other. The convex part 12 of the heat-releasing plate 4
has the main surface 12a (chip-mounting surface) and the side
surface 126 (side wall), and the main surface 12a of the
convex part 12 1s surrounded by the side surface 1256 of the
convex part 12. In other words, the side surface 1256 of the
convex part 12 1s positioned between the main surface 12a of
the convex part 12 and the main surface 11a of the base
material part 11. Since the main surface 12a of the convex part
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12 of the heat-releasing plate 4 1s almost parallel to the main
surface 11a of the base material part 11, the main surface 12qa
1s also almost parallel to the lower surface 256 of the wiring
substrate 2. Furthermore, when viewed planarly, the convex
part 12 1s included 1n a planar view 1n the base matenal part
11. The semiconductor chip 5 1s adhered to be fixed to the
main surface 12a of the convex part 12 via a connecting,
material 14 (adhesive, die-bonding material). The side sur-
face 126 of the convex part 12 faces the mside wall of the
through-hole 3 of the wiring substrate 2.

The side surface 125 of the convex part 12 1s almost vertical
to the main surface 11a of the base material part 11. As
described later, however, the manufacturing process of the
semiconductor device 1, (the process corresponding to the
step S6 described later), widens forcibly a groove 16 1n the
convex part 12 to swage the heat-releasing plate 4 (the convex
part 12 of the heat-releasing plate 4) to the wiring substrate 2
(specifically, a wiring substrate 31 described later). Conse-
quently, as schematically illustrated in FI1G. 3, a region close
to the main surface 11a 1n the side surface 1256 of the convex
part 12 1s deformed (mchned) toward the inside wall of the
through-hole 3 of the wiring substrate 2, thus contactmg with
the iside wall of the through-hole 3 of the wiring substrate 2.
As a result, 1n the stage before the step S6 of swaging
described later, the entire side surface 125 of the convex part
12 of the heat-releasing plate 14 becomes almost vertical to
the main surface 11qa of the base material part 11, and also a
region close to the main surface 11a 1n the side surface 1256 of
the convex part 12 1s not deformed (not inclined), (refer to
FIG. 49 described later).

The supporting part 13 located 1n the main surface 11a of
the base material part 11 has a supporting surface 13a con-
tacting with the upper surface 2a of the wiring substrate 2.
The supporting surface 13a can be set as a flat surface. The
main surface 11a of the base material part 11, the supporting,
surface 13a of the supporting part 13, and the main surface
12a of the convex part 12 have different height from each
other. On the basis of the main surface 11a of the base mate-
rial part 11, the supporting surtface 13a of the supporting part
13 1s at a higher position than the main surface 11a of the base
maternial part 11, and the main surface 12a of the convex part
12 1s at a much higher position than the main surface 11a of
the base material part 11 and the supporting surface 13a of the
supporting part 13, (herein the direction of higher height 1s
defined as the side of the main surface 12a of the convex part
12 from the main surface 11a of the base maternial part 11). In
other words, the supporting part 13 (the supporting surface
13a of the supporting part 13) 1s at a lower position than the
convex part 12 (the main surface 12q of the convex part 12),
and the main surface 11a of the base material part 11 (the
region 1n which both of the convex part 12 and the supporting,
part 13 are not formed) 1s at a lower position than the sup-
porting part 13 (the supporting surface 13a of the supporting,
part 13).

Consequently, the region, where the convex part 12 1s posi-
tioned (1nserted) in the through-hole 3 of the wiring substrate
2, the supporting surface 13a of the supporting part 13 con-
tacts with the upper surface 2a of the wiring substrate 2, and
no convex part 12 and no supporting part 13 in the main
surface 11a of the base material part 11 are provided, 1s 1n a
state of being apart from the upper surface 2a of the wiring
substrate 2. Therefore, a gap 18 (gap part) 1s formed between
the upper surface 2a of the wiring substrate 2 and the region
having no convex part 12 and no supporting part 13 in the
main surface 11a of the base material part 11, and the gap 18
1s filled with a portion of the sealing portion 7 (namely, a resin
material MR {for the sealing portion 7).
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As described above, the heat-releasing plate 4 1s structured
by forming integrally: the base material part 11 being posi-
tioned outside the through-hole 3 at the side of upper surface
2a of the wiring substrate 2; the convex part 12 being posi-
tioned (inserted) in the through-hole 3 of the wiring substrate
2; and the supporting part 13 contacting with the upper sur-
face 2a of the wiring substrate 2 to separate the main surface
11a of the base matenal part 11 from the upper surface 2a of
the w1r1ng substrate 2, (namely, to form the gap 18 between
the main surface 11a of the base material part 11 and the upper
surface 2a of the wiring substrate 2).

The main surface 12a of the convex part 12 1s the chip-
mounting surface (the face on which the semiconductor chip
5 1s mounted), and the chip-mounting surface of the heat-
releasing plate 4 (in the main surface 12q of the convex part
12) 1s positioned 1n almost the same plane as the lower surface
26 of the wiring substrate 2. The structure 1s attamned by
setting the difference in elevation (the height difference)
between the supporting surface 13a of the supporting part 13
and the main surface 12a of the convex part 12 to be nearly
equal to the thickness of the wiring substrate 2 (or the height
difference between the upper surface 2a and the lower surface
2b of the wiring substrate 2).

The heat-releasing plate 4 plays a role of conductor part
(metal part) for chip-mounting and also a role of conductor
part (metal part) for heat-releasing. By placing the heat-re-
leasing plate 4 to the upper surface 2a side of the wiring
substrate 2 so that the convex part 12 1s positioned in the
through-hole 3 of the wiring substrate 2, and by placing the
semiconductor chip 5 over the convex part 12 of the heat-
releasing plate 4, the heat generated from the semiconductor
chip S during the use of the semiconductor device 1 1s allowed
to be transferred to the heat-releasing plate 4, and then the
heat 1s released outside the semiconductor dev1ce 1 from the
exposure part (the rear surface 115 of the base material part
11) of the heat-releasing plate 4.

Since the heat-releasing plate 4 1s a member for releasing
the heat generated from the semiconductor chip 3, the heat-
releasing plate 4 preferably has high thermal conductivity,
and the heat conduction property (thermal conductivity) of
the heat-releasing plate 4 1s required to be higher than each of
the heat conduction properties (thermal conductivities) of at
least the wiring substrate 2 and the sealing portions 7 and 8.
Since the conductive material (specifically metallic material)
has high thermal conductivity, the heat-releasing plate 4 1s
preferably made of a conductive maternal, and more prefer-
ably made of a metallic maternial. The use of metallic material
such as copper (Cu) and the one composed mainly of copper
(Cu) alloy for the heat-releasing plate 4 1s further preferable
because the heat-releasing plate 4 1s provided with high ther-
mal conductivity and 1s easy to be processed (formation of the
heat-releasing plate 4).

The through-hole 3 of the wiring substrate 2 and the convex
part 12 positioned in the through-hole 3 have almost equal
cross sectional shape at a position parallel to the upper surface
2a of the wiring substrate 2, and a portion of the side surface
125 of the convex part 12 directly contacts with (adheres to)
the mnside wall (s1de wall, side surface) of the through-hole 3
of the wiring substrate 2. However, not the entire surface of
the side surface 126 of the chip-mounting part 12 directly
contacts with (adheres to) the inside wall of the through-hole
3 of the wiring substrate 2.

That 1s, there 1s the gap part 135 at least one position (prei-
erably several positions) between the inside wall of the
through-hole 3 of the wiring substrate 2 and the side surface
125 of the convex part 12, which gap part separates the mside

wall of the through-hole 3 from the side surface 1256 of the
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convex part 12, and penetrates (connects, passes through)
from the upper surface 2a to the lower surface 26 of the wiring
substrate 2. The gap part 15 1s filled (fully) with a resin

material which 1s integrally formed with the sealing portions
7 and 8.

The plane of the convex part 12 and the through-hole 3 can
be set as various shapes, and a rectangular shape (near rect-
angle) 1s preferred. FIGS. 1 to 17 illustrate the case in which
the planar shape of the convex part 12 and the through-hole 3
1s set as a rectangle. To allow the formation of the gap part 135
described above, however, the planar shape of the convex part
12 and the planar shape of the through-hole 3 are not caused
to be completely the same as each other, and the planar shape
of the through-hole 3 1s caused to be large in a limited region
compared with the planar shape of the convex part 12, or the
planar shape of the convex part 12 1s caused to be small 1n a
limited region compared with the planar shape of the through-

hole 3.

For example, as illustrated in FIG. 11 and FIG. 12, the
planar shape of the through-hole 3 of the wiring substrate 2 1s
set as a rectangle having nearly right angles at each of four
corners, and 1n contrast, as 1llustrated in FIG. 14, the planar
shape of the convex part 12 1s set as a rectangle 1n which the
four corners are not at right angles but to be chamiered.
Alternatively, the planar shape of the through-hole 3 of the
wiring substrate 2 may be set as a rectangle in which the four
corners are not at right angles but to be locally widened 1n the
angle while the planar shape of the convex part 12 may be set
as a rectangle 1 which the four corners are nearly at right
angles. The planar shape of the through-hole 3 1s a shape 1n a
plane parallel to the upper surface 2a or the lower surface 25
of the wiring substrate 2, and the planar shape of the convex
part 12 corresponds to a shape 1n a plane parallel to the main
surface 11a of the base maternial part 11 or the main surface
12a of the convex part 12. Structural example of FIG. 14 1s
described more specifically in the following. At each of the
four corners given by the reference symbol 17 1 FIG. 14,
(four corners of the rectangle structuring the planar shape of
the convex part 12), the planar shape (the shape in a plane
parallel to the main surface of the convex part 12) 1s, for
example, about a quarter of circle, and has a groove which
extends from the main surface 12q of the convex part 12 to the
main surface 11a of the base material part 11 along the side
surface 126 of the convex part 12.

With that structure, when the convex part 12 of the heat-
releasing plate 4 1s positioned (1nserted) in the through-hole 3
of the wiring substrate 2, the side surface 1256 of the convex
part 12 and the inside wall of the through-hole 3 of the wiring,
substrate 2 come close to each other at regions other than the
regions near the four corners of the rectangle (rectangle struc-
turing the planar shape of the convex part 12 and the through-
hole 3). To the contrary, 1n the regions near the four corners,
the side surface 125 of the convex part 12 and the 1nside wall
ol the through-hole 3 of the wiring substrate 2 are separated
from each other, which creates the gap part 15 near each of the
four corners of the rectangle.

The gap part 15 1s formed between the side surface 1256 of
the convex part 12 and the 1nside wall of the through-hole 3 in
the stage in which the convex part 12 of the heat-releasing
plate 4 1s placed (inserted) 1n the through-hole 3 for fixing
(swaging) in the steps S5 and S6 described later. Before
forming the sealing portions 7 and 8, the gap part 15 1s empty,
and 1s 1n a state of not being filled with the resin material MR.
In forming the sealing portions 7 and 8, the gap part 135
functions as the flow passage of the resin material MR, and
thus 1s filled with the resin material MR.
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That 1s, although the detail 1s described later, on forming
the sealing portions 7 and 8, (corresponding to the step S8 of
molding described later), the resin material MR for forming
the sealing portions 7 and 8 1s supplied to the upper surface 2a
side of the wiring substrate 2, and the resin material MR 1s
supplied also to the lower surface 26 side of the wiring sub-
strate 2 through the gap 8 and the gap part 15, and thus the
sealing portion 7 and the sealing portion 8 are formed over the
upper surface 2a and the lower surface 26 of the wiring
substrate 2, respectively. To do this, each gap part 15 1s
formed to have a size allowing the resin material MR for
forming the sealing portions 7 and 8 to flow therethrough 1n
forming the sealing portions 7 and 8, and the gap part 15
extends continuously (penetrates) from the upper surface 2a
to the lower surface 256 of the wiring substrate 2. As a result,
at the upper surtace 2a side of the wiring substrate 2, each gap
part 15 connects with the gap 18 between the main surface
11a of the base material part 11 and the upper surface 2a of the
wiring substrate 2, while at the lower surface 25 side of the
wiring substrate 2, each gap part 15 connects with the sealing
portion 8. Both of the sealing portion 7 and the sealing portion
8 are formed by the same resin material MR, and the same
resin material MR fills (fully) the gap 18 and the gap part 15.
That 1s, the sealing portion 7 and the sealing portion 8 are
connected integrally via the resin material MR filling the gap
part 15.

The groove 16 (concave part, concavity) 1s formed 1n the
main surface 12a of the convex part 12 of the heat-releasing
plate 4. The groove 16 1s formed 1n peripheral area (outer
peripheral area) of the main surface 12a of the convex part 12.
The semiconductor chip 5 1s mounted over the main surface
12a of the convex part 12 at a position closer to the center of
the principal case 12a than the region in which the groove 16
1s formed. That 1s, 1n the main surface 12q of the convex part
12, the groove 16 1s formed at a more outer periphery side
than the region 1n which the semiconductor chip 5 1s mounted.
In the main surface 12q of the convex part 12, the groove 16
1s preferably formed along each side of the main surface 12a.
As 1llustrated in FIG. 14, when the main surface 12a has a
rectangular shape, the groove 16 1s preferably formed along
the four sides of the main surface 12a except the area near to
the four corners.

At the time of manufacturing the semiconductor device 1,
the groove 16 1s used to swage and fix the heat-releasing plate
4 (the convex part 12 of the heat-releasing plate 4) to the
wiring substrate 2. That 1s, at the time of manufacturing the
semiconductor device 1, the convex part 12 of the heat-re-
leasing plate 4 1s inserted 1into the through-hole 3 of the wiring
substrate 2, and then the groove 16 1n the main surface 2a of
the convex part 12 1s widened forcibly by a jig 46 or the like
(described later), and thus the heat-releasing plate 4 (the
convex part 12 of the heat-releasing plate 4) and the wiring
substrate 2 are swaged and fixed together. When the groove 16
in the main surtace 12a of the convex part 12 1s widened
forcibly, a portion of the convex part 12 1s widened 1n the
horizontal direction by an amount of the volume of widened
groove 16, which allows a portion of the side surface 126 of
the convex part 12 to contact with (adhere to) the 1nside wall
of the through-hole 3 of the wiring substrate 2. By the reaction
force, there 1s generated a force to cause the inside wall of the
through-hole 3 of the wiring substrate 2 to closely contact
with and press a portion of the side surface 125 of the convex
part 12, which thus allows swaging the heat-releasing plate 4
(the convex part 12 of the heat-releasing plate 4) and the
wiring substrate 2, and allows the heat-releasing plate 4 to be
fixed to the wiring substrate 2. As a result, the heat-releasing
plate 4 can be fixed to the wiring substrate 2 until the sealing
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portions 7 and 8 are formed, which makes the manufacturing
ol semiconductor device 1 easy.

The semiconductor chip 5 has a planar rectangular shape
(quadrangle) which crosses the thickness thereof. For
example, the semiconductor chip 5 1s manufactured by the
steps of: forming various kinds of semiconductor elements or
semiconductor ntegral circuits over the main surface of the
semiconductor substrate (semiconductor water) composed of
single crystal silicon and the like; performing back-grinding
of the semiconductor substrate, as necessary; and then sepa-
rating the semiconductor substrate into individual semicon-
ductor chips 5 by using dicing and the like. The semiconduc-
tor chip 5 has a top surface 5aq (main surface at the side of
forming the semiconductor element, upper surtace) and a rear
surface 556 (main surface opposite to the top surface, lower
surface) as the two main surfaces at opposite positions to each
other. In the top surface 5a of the semiconductor chip 5, there
are formed a plurality of electrode pads PD (electrodes, bond-
ing pads, pad electrodes). Each electrode pad PD 1s coupled
with the semiconductor element or the semiconductor inte-
gral circuit being formed inside of or in the surface layer
portion of the semiconductor chip 5.

The semiconductor chip 5 1s face-up-bonded to the convex
part 12 of the heat-releasing part 4. The rear surtace 56 of the
semiconductor chip 5 1s adhered and fixed to the main surface
12a of the convex part 12 of the heat-releasing plate 4 via a
joimng material 14 (adhesive, die-bonding material). The
plane size of the through-hole 3 of the wiring substrate 2 and
of the convex part 12 of the heat-releasing plate 4 1s larger
than the plane size of the semiconductor chip 5. The semi-
conductor chip 5 mounted over the convex part 12 of the
heat-releasing plate 4 1s positioned so as to be included hori-
zontally of the through-hole 3 of the wiring substrate 2 and of
the convex part 12 of the heat-releasing plate 4. The joiming,
material 14 1s preferably an adhesive having high thermal
conductivity, and applicable ones include solder and conduc-
tive paste material (silver paste 1s preferred as the conductive
paste material).

The wiring substrate 2 has an insulating base material layer
(insulating substrate, core material) and a conductor layer
(conductor pattern, conductor film pattern, wiring layer)
tormed directly on upper surface and lower surface of the base
matenal layer. The wiring substrate 2 may be a substrate
having a conductor layer at top and bottom of a single 1nsu-
lating layer (base material layer) or may be a multilayer
wiring substrate (multilayer substrate) in which a plurality of
insulating layers (base material layers) and a plurality of
conductor layers (wiring layers ) are alternately formed (lami-
nated) and integrated across many layers. For the conve-
nience of wiring, however, the multilayer wiring substrate 1s
preferred. FIGS. 1 to 4 do not show the wiring layer inside
(between base material layers) of the wiring substrate 2. An
example of the base material layer of the wiring substrate 2 1s
a resin material (such as glass-epoxy resin).

According to the semiconductor device 1 of the embodi-
ment 1, the semiconductor chip 5 1s positioned at the lower
surface 2b side (above the convex part 12) of the wiring
substrate 2, and the external terminals (solder balls 9 1n this
embodiment) at the lower surface 25 side of the wiring sub-
strate 2. Because of this structure, the upper surface 2a side of
the wiring substrate 2 does not need to have the conductor
layer constituting the terminals (bonding leads, bump lands)
and wiring. On the other hand, at the lower surface 26 side of
the wiring substrate 2, there are formed a plurality of bonding,
leads BL (electrode pads, coupling terminals, electrodes,
bonding pads, pad electrodes) for coupling the bonding wire
BW, and a plurality of bump lands LA (electrode pads, con-
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ductive lands, electrodes, land electrodes, pads, terminals) for
coupling the solder balls 9 as the bump electrodes. The bond-
ing leads BL and the bump lands LA are made up of apart of
the conductor layer, which can be formed by a conductive
material such as, 1n the embodiment 1, copper thin film pre-
pared by plating method.

As 1illustrated m FIG. 12, the bonding leads BL are
arranged (formed) around the through-hole 3 1n the lower
surface 25 of the wiring substrate 2, and the bump lands LA
are arranged (formed) around the region in which the bonding
leads BL are arranged 1n the lower surface 26 of the wiring
substrate 2.

In the wiring substrate 2, the bonding leads BL and the
bump lands LA are coupled with each other via the respective
wiring lines of the wiring substrate 2. The type of the wiring
line for coupling electrically the bonding lead BL with the
bump land LA 1s used responding to the requirements, includ-
ing the wiring layer of the lower surface 26 of the wiring
substrate 2, the wiring layer of the upper surface 2a of the
wiring substrate 2, the wiring layer inside the wiring substrate
2, and via-wiring line for coupling different wiring layers of
the wiring substrate 2. In the same way as the bonding lead BLL
and the bump land LA, these wiring lines are made up of a part
of the conductor layer of the wiring substrate 2. Although not
shown 1n the drawings, there can be formed a solder resist
layer (insulating layer, insulating film), as necessary, directly
on the upper surface 2a and the lower surface 25 of the wiring
substrate 2. In this case, 1n the lower surface 25 of the wiring
substrate 2, the bonding lead BL and the bump land LA are
exposed from the solder resist layer (opening of the solder
resist layer), while the wiring line (wiring line coupling the
bonding lead BL with the bump land LA) in the lower surface
2b6 of the wiring substrate 2 1s covered by the solder resist
layer. When the solder resist layer (1insulating layer, insulating
f1lm) 1s formed directly on the upper surface 2a (31a) of the
wiring substrate 2 (31), the surface of the solder resist layer
(insulating layer, mnsulating film) can be considered as the
upper surface 2a (31a) of the wiring substrate 2 (31a). The
supporting surtace 13a of the supporting part 13 of the heat-
releasing plate 4 comes 1nto contact with the surface of the
solder resist layer (insulating layer, insulating film). When the
solder resist layer (insulating layer, insulating film) 1s formed
directly on the lower surface 26 (315) of the wiring substrate
2, the surface of the solder resist layer (1insulating layer, 1nsu-
lating film) can be considered as the lower surface 26 (315) of
the wiring substrate 2 (31).

Consequently, the electrode pads PD of the semiconductor
chip 5 are coupled with the bonding leads BL, placed directly
on the lower surface 26 of the wiring substrate 2, via the
bonding wires BW, and further are coupled with the bump
lands LA (and the solder balls 9 coupled with the bump lands
LLA), placed directly on the lower surface 26 of the wiring
substrate 2, via the wiring lines of the wiring substrate 2 and
the like. Each bonding wire BW (conductive wire, conductive
coupling member) functions as the conductive coupling
member for electrically coupling each electrode pad PD of
the semiconductor chip 5 with each bonding lead BL of the
wiring substrate 2. Preferably the bonding wire BW 1s made
of a conductive wire (coupling member) such as metal thin
wire including gold wire.

The bump lands LA are arranged in an array pattern
directly on the lower surface 26 of the wiring substrate 2
within a region 1 which the sealing portions 8 are not
arranged. Each bump land LA 1s coupled with the solder ball
9 (ball electrode, solder bump, bump electrode, protruded
clectrode). As a result, in the lower surface 26 of the wiring
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substrate 2, the solder balls 9 as the external terminals are
arranged 1n an array pattern in the region 1n which the sealing
portions 8 are not arranged.

The lower surface 25 of the wiring substrate 2 on which the
solder balls 9 are arranged becomes the lower surface of the
semiconductor device 1 and becomes the mounting surface
(main surface of the side being mounted to the mounting
substrate) of the semiconductor device 1. Consequently, the
semiconductor device 1 of the embodiment 1 1s a semicon-
ductor of BGA (Ball Gnid Array package) type. The solder
ball 9 1s made of a solder material and functions as the bump
clectrode (protruded electrode, solder bump) of the semicon-
ductor device 1, and can function as the external terminal
(terminal for external coupling) of the semiconductor device
1. Therefore, it can be said that the respective external termi-
nals (solder balls 9 1n the embodiment 1) are formed directly
on the bump lands LA of the wiring substrate 2.

The sealing portions 7 and 8 (sealing resin portion, resin
sealing portion, sealing resin, sealing body) are made of a
resin material such as thermosetting resin material, and can
contain a filler. For example, the sealing portions 7 and 8 can
be prepared by using an epoxy resin containing a filler.

The sealing portion 7 1s formed at the upper surface 2a side
of the wiring substrate 2, while the sealing portion 8 1s formed
at the lower surface 26 side of the wiring substrate 2. How-
ever, the main surface 8a (the main surface distant from the
lower surface 26 of the wiring substrate 2) of the sealing
portion 8 1s positioned at closer side to the lower surface 256 of
the wiring substrate 2 than the position of the lower end of the
solder ball 9 (or the end part opposite to the side coupling the
bump land LA, or the front end of the solder ball 9). That 1s,
when the semiconductor device 1 1s placed directly on a flat
plane, the flat plane contacts with the lower end of the solder
ball 9, and does not contact with the sealing portion 8 (the
main surface 8a of the sealing portion 8). The structure pre-
vents the sealing portion 8 from 1nterfering with the mounting,
of the semiconductor device 1 over the mounting substrate.

The sealing portion 8 1s formed above the lower surface 25
of the wiring substrate 2 and above the main surface 12a of the
convex part 12 of the heat-releasing plate 4 so that the semi-
conductor chip 5 and the bonding wires BW are covered.
Thus the sealing portion 8 seals the semiconductor chip 5 and
the bonding wires BW to protect them. In the lower surface 25
of the wiring substrate 2, the bonding leads BL are covered
with the sealing portion 8. However, the bump lands LA and
the solder balls 9 coupling the bump lands LA are not covered
with the sealing portion 8. That 1s, 1n the lower surface 26 of

the wiring substrate 2, the solder balls 9 are exposed and
function as the external terminals of the semiconductor
device 1.

The sealing portion 7 1s formed to seal a portion of the
heat-releasing plate 4 and to cover the side surface of the base
material part 11 of the heat-releasing plate 4 over the upper
surface 2a of the wiring substrate 2. However, the rear surface
115 of the base matenal part 11 of the heat-releasing plate 4
1s exposed from the sealing portion 7 (the upper surface 7a of
the sealing portion 7). The upper surface 7a of the sealing
portion 7 and the rear surface 115 of the base material part 11
of the heat-releasing plate 4, exposed from the upper surface
7a of the sealing portion 7, can be formed 1n nearly flat plane.
Nevertheless, 1t 1s preferable that the rear surface 115 of the
base matenal part 11 of the heat-releasing plate 4, exposed
from the upper surface 7a of the sealing portion 7, 1s 1n nearly
the same plane as the upper surface 7a of the sealing portion
7, or 1s protruded to some extent from the upper surtface 7a of
the sealing portion 7. A part of the sealing portion 7 1s formed
in the gap 18.
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As described above, the sealing portion 7 and the sealing
portion 8 are integrally connected each other via the resin
material MR which fills the gap part 15 between the side
surface 125 of the convex part 12 of the heat-releasing plate 4
and the inside wall of the through-hole 3. Consequently, the
sealing portion 7 (the sealing portion 7 includes the resin
material MR 1nthe gap 18), the sealing portion 8, and the resin
in the gap part 15 are integrally formed, and they are formed
by the same resin material MR.

As described above, the semiconductor device 1 of the
present embodiment 1s a semiconductor device (semiconduc-
tor package) which mounts the semiconductor chip 5 over the
convex part 12 of the heat-releasing plate 4 positioned 1n the
through-hole 3 of the wiring substrate 2. To the lower surface
2b of the wiring substrate 2, the solder balls 9 as the external
terminals are joined, and the heat-releasing plate 4 (the base
material part 11 of the heat-releasing plate 4) 1s exposed from
the sealing portion 7 of the upper surface 2a of the wiring
substrate 2. The heat generated from the semiconductor chip
5 1s transferred by conduction to the heat-releasing plate 4
(the convex part 12 of the heat-releasing plate 4) via the
joining material 14, and the heat 1s released to the outside of
the semiconductor device 1 from the exposed portion (the rear
surface 115 of the base material part 11 of the heat-releasing
plate 4) at the upper surface side (the upper surtace 2a of the
wiring substrate 2) of the semiconductor device 1. Owing to
the structure, the embodiment 1 can improve the heat-release
performance (heat-release properties) of the semiconductor
device. The semiconductor device 1 of the embodiment 1 1s a
high-heat-releasing type semiconductor device (semiconduc-
tor package). The solder ball 9 can also contribute to the
heat-release to the outside of the semiconductor device 1,
though the heat-releasing eflect 1s smaller than that of the
heat-releasing plate 4.

By the close contact (adhesion) of the sealing portions 7
and 8 with (to) the wiring substrate 2 and the heat-releasing
plate 4, respectively, the wiring substrate 2, the heat-releasing,
plate 4, and the sealing portions 7 and 8 couple together, and
by filling a resin 1into the gap part 15 and the gap 18 integrally
with the sealing portions 7 and 8, the coupling of the wiring
substrate 2, the heat-releasing plate 4, and the sealing portions
7 and 8 1s further strengthened.

<Mounting the Semiconductor Device>

The mounting of the semiconductor device 1 1s described
below.

FIG. 18 15 a cross-sectional view (side surface cross sec-
tional view) of semiconductor device 1 1n the present embodi-
ment, 1llustrating an example of mounting. FIG. 18 shows the
semiconductor device 1 mounted over the mounting substrate
21 (wiring substrate).

The mounting substrate 21 given 1 FIG. 18 1s a wiring
substrate (mounting substrate) for mounting the semiconduc-
tor device 1 thereon. To the upper surface as the mounting
surface for mounting the semiconductor device 1 thereon, a
plurality of substrate-side terminals 22 (terminals, electrodes,
pad electrodes, conductive lands) for coupling the respective
solder balls of the semiconductor device 1 are provided.
Although FIG. 18 gives a simplified 1llustration of the cross-
sectional structure of the mounting substrate 21, the mounting
substrate 21 1s preferably a multilayer wiring substrate being
formed by laminating integrally a plurality of insulator layers
(dielectric layers, insulating base material layers) and a plu-
rality of wiring layers (conductor layers, conductor pattern
layers). The substrate-side terminal 22 1s a terminal for cou-
pling the solder ball 9 (bump electrode) as the external termi-
nal of the semiconductor device 1. The substrate-side termi-
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nal 22 1s positioned so as to face the solder ball 9 when the
semiconductor device 1 1s mounted over the upper surface of
the mounting substrate 21.

Mounting of the semiconductor device 1 over the mounting,
substrate 21 1s done by supplying a solder paste (the solder
paste 1s unified with the solder ball 9 by the solder reflow
treatment) directly onto the substrate-side terminals 22 of the
mounting substrate 21 by using printing method and the like,
and by mounting (placing) the semiconductor device 1 over
the mounting substrate 21 so that the position of the solder
ball 9 of the semiconductor device 1 and the position of the
substrate-side terminal 22 of the mounting substrate 21 are
aligned, and then by applying solder retlow treatment.

By the above procedure, as illustrated in FIG. 18, the semi-
conductor device 1 1s mounted (solder-mounted) over the
mounting substrate 21, the semiconductor device 1 1s fixed to
the mounting substrate 21, and the solder balls 9 as the exter-
nal terminals of the semiconductor device 1 are coupled with
the substrate-side terminals 22 of the mounting substrate 21,
respectively.

For the mounting case of FIG. 18, the heat generated from
the semiconductor chip 3 1s transferred to the heat-releasing
plate 4 (the convex part 12 of the heat-releasing plate 4), and
the heat 1s released to the outside (to air 1n this case) of the
semiconductor device 1 from the exposed portion of the upper
surface side of the semiconductor device 1 1n the heat-releas-
ing plate 4, (from the rear surtface 115 of the base material part
11 of the heat-releasing plate 4). There may be the heat-
release generated from the solder ball 9 to the mounting
substrate 21, though the heat-releasing effect 1s smaller than
that of the heat-releasing plate 4.

FIG. 19 1s a cross-sectional view (side surface cross-sec-
tional view) of the semiconductor device 1 in the present
embodiment, illustrating another example of mounting. FIG.
18 shows the semiconductor device 1 mounted over the
mounting substrate 21 (wiring substrate).

The example of mounting of FIG. 19 differs from that of
FIG. 18 in the following respects.

In the same way as the case of FIG. 18, the semiconductor
device 1 1s mounted over the mounting substrate 21, and the
solder balls 9 of the semiconductor substrate 1 are coupled
with the substrate-side terminals 22 of the mounting substrate
21, respectively. In FIG. 19, however, the semiconductor
device 1 mounted over the mounting substrate 21 1s covered
with a casing 24, (or contained 1n the casing 24). The heat-
releasing plate 4 (the rear surface 115 of the base material part
11 of the heat-releasing plate 4) being exposed at upper sur-
face side of the semiconductor device 1 1s coupled with the
casing 24 via a conductive sheet 23 (adhesive). The casing 24
1s a heat-releasing casing, has electric conductivity, and 1s
preferably formed by a metallic material. A portion of the

casing 24 (lead part) 1s coupled and fixed to a substrate-side
terminal 22a of the mounting substrate 21 via a solder 254 and
the like.

For the mounting example of FIG. 19, the heat generated
from the semiconductor chip 5 1s transferred to the heat-
releasing plate 4 (the convex part 12 of the heat-releasing
plate 4), and 1s released (conducted) to the casing 24 from the
heat-releasing plate 4 via the conductive sheet 23. The heat
transierred (released) from the heat-releasing plate 4 to the
casing 24 1s released via a passage from the casing 24 to air
and via a passage from the casing 24 to the mounting substrate
21 viathe solder 25a. Connecting the heat-releasing plate 4 of
the semiconductor device 1 with the casing 24 further
improves the heat-release properties of the semiconductor
device 1.
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FIG. 20 1s a cross-sectional view (side surface cross-sec-
tional view) of the semiconductor device 1 1n the embodiment
1, illustrating turther example of mounting. FIG. 20 shows the
semiconductor device 1 mounted over the mounting substrate
21 (wiring substrate).

The mounting example of FI1G. 20 differs from that of FIG.
18 1n the following points.

In the same way as the case of FIG. 18, the semiconductor
device 1 1s mounted over the mounting substrate 21, and the
solder balls 9 of the semiconductor device 1 are coupled with
the substrate-side terminals 22 of the mounting substrate 21,
respectively. In FIG. 20, however, components other than the
semiconductor device 1, such as a chip component 26 and a
semiconductor device 27 (semiconductor package), are
mounted over the mounting substrate 21. The chip compo-
nent 26 1s structured by passive components such as a chip
capacitor and a chip inductor, and the like. The electrode of
the chip component 26 1s coupled and fixed to a substrate-side
terminal 2256 of the mounting substrate 21 viaa solder 255 and
the like. An outer lead part 28 of the semiconductor device 27
(semiconductor package) 1s coupled and fixed to a substrate-
side terminal 22¢ of the mounting substrate 21 via a solder
25¢ and the like. The type and the number of the components
to be mounted over the mounting substrate 21 can be
adequately selected as necessary.

FIG. 21 1s a cross-sectional view (side surface cross-sec-
tional view) of the semiconductor device 1 1n the embodiment
1, 1llustrating an example of mounting. FIG. 21 shows the
semiconductor device 1 mounted over the mounting substrate
21 (wiring substrate).

The mounting example of FI1G. 21 differs from that of FIG.
20 1n the following respects.

In the same way as the case of FIG. 20, the semiconductor
device 1, the chip component 26, and the semiconductor
device 27 are mounted over the mounting substrate 21. In
FIG. 21, however, the semiconductor device 1, the chip com-
ponent 26, and the semiconductor device 27 mounted over the
mounting substrate 21 are covered with the casing 24, (or are
contained 1n the casing 24). The heat-releasing plate 4 (the
rear surface 115 of the base material part 11 of the heat-
releasing plate 4) being exposed at the upper surface side of
the semiconductor device 1 1s coupled with the casing 24 via
the conductive sheet 23. The casing 24 1s a heat-releasing
casing, has electric conductivity, and 1s preferably formed by
a metallic material. A portion of the casing 24 (lead part) 1s
coupled and fixed to the substrate-side terminal 22a of the
mounting substrate 21 via the solder 25q and the like.

For the mounting example of FIG. 21, the heat generated
from the semiconductor chip 5 1s transferred to the heat-
releasing plate 4 (the convex part 12 of the heat-releasing
plate 4), and 1s released (transferred) to the casing 24 from the
heat-releasing plate 4 via the conductive sheet 23. The heat
transierred (released) from the heat-releasing plate 4 to the
casing 24 1s released via a passage from the casing 24 into the
air and via a passage from the casing 24 to the mounting
substrate 21 via the solder 25a. Connecting the heat-releasing
plate 4 of the semiconductor device 1 with the casing 24
turther improves the heat-release properties of the semicon-
ductor device 1.

<Manufacturing Process of Semiconductor Device>

The method of manufacturing the semiconductor device 1
of the embodiment 1 1s described in the following referring to
the drawings. FIG. 22 1llustrates the flow diagram of manu-
facturing process of semiconductor device 1 1n the embodi-
ment 1. FIGS. 23 to 46 are plan views or cross-sectional views
of the semiconductor device 1 of the embodiment 1 during the
manufacturing process.
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The embodiment 1 describes the case of manufacturing the
individual semiconductor device 1 by using a wiring substrate
31 (wiring substrate base body) for family molding, (or using
the wiring substrate 31 directly on which a plurality of wiring
substrates 2 1s formed 1n a row or 1n an array pattern).

As 1llustrated i FIGS. 23 to 26, the wiring substrate 31 1s
provided (step S1 of FIG. 22). FIG. 23 1s the upper surface
view of the wiring substrate 31, and FIG. 24 and FIG. 25 are
the lower surface views of the wiring substrate 31. FIG. 23
shows the entire upper surface 31q of the wiring substrate 31,
and FI1G. 24 shows the entire lower surface 315 of the wiring
substrate 31. FIG. 25 1s a part-enlarged view of FIG. 24, (or
three semiconductor device regions 32 1n the lower surface
31b of the wiring substrate 31). FIG. 26 1s a cross-sectional
view (main-part cross sectional view) of the wiring substrate
31, giving the cross section along the C1-C1 line of FIG. 25.
The position of C1-C1 line of FIG. 25 corresponds to the

position of A1-Al 1 line of FIGS. 5 to 10. Accordingly, FIG.

26 gives the same cross section as that of FIG. 1.

The wiring substrate 31 1s the mother body of the wiring
substrate 2. The wiring substrate 31 1s cut 1n the step of cutting
(described later) into individual semiconductor device
regions 32 (substrate region, unit substrate region) which
correspond to the wiring substrates 2 of the semiconductor
device 1. The wiring substrate 31 has a structure of arow or a
matrix of arranged semiconductor device regions 32, each of
the semiconductor regions 32 forms each semiconductor
device 1 thereon. Accordingly, the structure of each semicon-
ductor device region 32 in the wiring substrate 31 1s similar to
that of the wiring substrate 2. Consequently, when the upper
surface (main surface) 31q and the lower surface (rear sur-
face) 315 of each semiconductor device region 32 of the
wiring substrate 31 are enlarged, 31a and 315 are the same as
FIG. 11 and FIG. 12, respectively.

Thus, the wiring substrate 31 has the upper surface (main
surface) 31a as the main surface at one side and the lower
surface (rear surface) 315 as the main surface at opposite side.
Theupper surface 31a of the wiring substrate 31 becomes the
upper surface 2a of the wiring substrate 2 1n succeeding step,
and the lower surface 315 of the wiring substrate 31 becomes
the lower surface 26 of the wiring substrate 2 in succeeding
step. In each semiconductor device region 32 of the wiring
substrate 31, the through-hole 3 which penetrates from the
upper surface 31a to the lower surface 315 of the wiring
substrate 31 1s formed, and 1n each semiconductor device
region 32 of the lower surface 315 of the wiring substrate 31,
the bonding leads BL. and the bump lands LA are formed.

In each semiconductor device region 32 of the lower sur-
tace 315 of the wiring substrate 31, the bonding leads BL are
tormed at periphery of the through-hole 3. In each semicon-
ductor device region 32 of the lower surface 315 of the wiring
substrate 31, the bump lands LA are formed in peripheral area
ol the region in which the bonding leads BL. are arranged. The
bonding leads BL and the bump lands LA 1 each semicon-
ductor device region 32 of the lower surface 315 of the wiring
substrate 31 are coupled with each other via wring lines of
cach semiconductor device region 32 of the wiring substrate
31.

In FIGS. 23 to 25, each semiconductor device region 32 1s
encircled by a broken line. FIG. 23 and FIG. 24 (entire plan
view of the wiring substrate 31) give an example 1n which ten
semiconductor device regions 32 1n five rows and two col-
umns 1s arranged to form the wiring substrate 31. The
arrangement 1s not limited to the example, and the number of
rows and columns of the semiconductor device regions 32 can
be varied as necessary.
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Next, as illustrated in FIG. 27 and FI1G. 28, a frame 41 {or
the heat-releasing plate 4 1s provided, (step S2 of FIG. 22).
FIG. 27 1s the plan view of the frame 41 at the side of forming
the convex part 12 of the heat-releasing plate 4. FIG. 28
corresponds to the cross-sectional view along the D1D1 line
in F1G. 27. FIG. 27 1s a plan view, which 1s emphasized with
hatching for the convenience of recognition of the frame 41.
The position of D1-D1 line in FIG. 27 corresponds to the
position of A1-Al line of FIGS. 5 to 10 and to the position of
B1-B1 line of FI1G. 13. FIG. 28 and FIG. 16 are upside down
from each other, though FIG. 28 shows the same cross section
as that of FIG. 16.

The frame 41 1s configured such that a plurality of heat-
releasing plates 4 1s integrally joined with a frame rim 42 (rim
part). That 1s, the heat-releasing plates 4 are arranged at a
specified spacing between two frame rims 42 extending in the
same direction, and the position near each of the four corners
of the base material part 11 of each heat-releasing plate 4 1s
joined with the frame rim 42 via a joining part 43. The frame
41 can be formed by working a copper plate, for example, 1n
a die. In the frame 41, a joining part 44 for joining the frame
rims 42 together 1s located between adjacent heat-releasing
plates 4 1n order to reinforce the frame 41. If not required, the
joining part 43 can be omitted. For the frame 41, the heat-
releasing plate 4, the frame rim 42, the joining part43, and the
joming part 44 are integrally formed by the same material.

As described above, each heat-releasing plate 4 1s com-
posed integrally of: the base material part having the main
surface 11aq and the rear surface 115 at opposite side to the
main surface 11qa; the convex part 12 being located at central
part o the main surface 11a of the base material part 11, and
protruding from the main surface 11qa; and the supporting part
13 being formed in the main surface 11a of the base material
part 11 and being positioned at lower level than the level of the
convex part 12. In the main surface 124 of the convex part 12,
the groove 16 (concave part, concavity) 1s formed.

Next 1s the die-bonding step, where the semiconductor chip
5 1s mounted to join the main surface 12a of the convex part
12 of each heat-releasing plate 4 of the frame 41 via the
joming material 14 (step S3 of FIG. 22). The joining step (or
die-bonding step) for the semiconductor chip 5 in the step S3
can be conducted by the following procedure.

As 1llustrated i FIG. 29 (plan view of the region same as
FIG. 27) and FIG. 30 (cross-sectional view corresponding to
FIG. 28), the lower surface of the frame 41 1s faced upward so
that the main surface 12a of the convex part 12 of each
heat-releasing plate 4 of the frame 41 faces upward. Then a
solder 14a1s applied (placed) directly on the main surface 12a
of the convex part 12 of each heat-releasing plate 4 of the
frame 41. After that, as necessary, the solder 14a directly on
the main surface 12a of the convex part 12 of each heat-
releasing plate 4 of the frame 41 1s agitated, and then the
semiconductor chip 35 1s mounted (placed) over the main
surface 12a of the convex part 12 of each heat-releasing plate
4 of the frame 41 via the solder 14q as 1llustrated 1n FI1G. 31
(plan view of the region the same as that of FIG. 27 and FIG.
29) and FIG. 32 (cross sectional view corresponding to FIG.
28 and F1G. 30). These steps, or the step of applying the solder
14a to the convex part 12 of each heat-releasing plate 4 of the
frame 41, the step of agitating the solder 14a, and the step of
mounting the semiconductor chip 5 over the convex part12 of
the heat-releasing plate 4 are executed while heating entire
frame 41 including the heat-releasing plate 4, and after com-
pleting the step of mounting the semiconductor chip 5 over
the convex part 12 of the heat-releasing plate 4, the frame 41
1s cooled near room temperature. By the above procedure, the
solder 14a which was 1n a molten state on mounting the
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semiconductor chip 3 1s solidified. Thus solidified solder 14a
1s jo1ned to fix the semiconductor chip 5 to the convex part 12
(main surface 12a of the convex part 12) of the heat-releasing
plate 4. The solidified solder 14a becomes the joining mate-
rial 14.

The solder 14a 1s preferably a high-melting point solder,
and 1s preferably a solder having higher melting point than the
solder which 1s used as the external terminal (the solder ball 9
in this embodiment) formed directly on the bump land LA
alterward. With that type of solder 144, there can be prevented
the melting of solder 14a which joins the semiconductor chip
5 with the convex part 12 of the heat-releasing plate 4, (or the
joimng material 14 made of the solder 14a), even when the
solder ball 9 1s melted 1n the step S9 of connecting solder ball
9 and 1n the step of mounting the completed semiconductor
device 1, (or the step of mounting the semiconductor device 1
over the mounting substrate 21). By the procedure, the reli-
ability of joining the semiconductor chip 5 with the convex
part 12 of the heat-releasing plate 4 1s improved, which
increases the thermal conduction from the semiconductor
chip 3 to the heat-releasing plate 4, and which thus improves
the heat-releasing performance of the semiconductor device
1.

In the step S3 of coupling the semiconductor chip 3, the
semiconductor chip 5 1s mounted at a position closer to the
center than the region 1n which the groove 16 1s formed, in the
main surface 12a of the convex part 12 of each heat-releasing,
plate 4. The groove 16 formed 1n the main surface 12a of the
convex part 12 of each heat-releasing plate 4 1s prevented
from adhesion of the solder 14a (Joining material 14). By
turther locating a groove between the groove 16 and the
semiconductor chip 5, the filling of the groove 16 1n the main
surface 12a of the convex part 12 of each heat-releasing plate
4 with the joining material 14 can more surely be prevented.

Next step 1s to cut the frame rim 42 of the frame 41 to
separate individual heat-releasing plates 4 mounting the
semiconductor chips 3 thereon, (the step S4 of FI1G. 22). That
1s, by cutting the joining part 43 between the heat-releasing
plate 4 and the frame rim 42, each heat-releasing plate 4
mounting the semiconductor chip 5 thereon 1s separated from
the frame rim 42 of the frame 41. As illustrated 1n FIG. 33
(plan view) and FIG. 34 (cross-sectional view corresponding
to FIG. 28, FIG. 30, and FIG. 32), the individuation of the
heat-releasing plate 4 mounting the semiconductor chip 5
thereon 1s conducted.

The embodiment 1 describes the step S3 which conducts
joimng the semiconductor chips 5 with the respective heat-
releasing plates 4 1n a state of joining the frame 41 with the
heat-releasing plates 4, followed by the step S4 which con-
ducts the individuation of the heat-releasing plates 4 mount-
ing the semiconductor chips 5 therecon. However, another
embodiment can be applied 1n reverse sequence of the step S3
and the step S4. When the sequential order of the step S3 and
the step S4 1s inversed, the applicable procedure 1s that, before
conducting the step S3 of die-bonding, the step S4 1s con-
ducted to separate the heat-releasing plate 4 from the frame
rim 42 to perform the individuation, followed by applying the
step S3 of joming the semiconductor chip S with the main
surtace 12a of the convex part 12 of each heat-releasing plate
4 after the individuation via the joining material 14. Regard-
ing the detail method of the die-bonding as the step S3, there
can be applied a method almost the same as the above-de-
scribed one except that the individuation of the heat-releasing
plates 4 1s completed 1n advance.

Next step 1s to position (1nsert) the convex par 12 of the
heat-releasing plate 4 mounting the semiconductor chip 5
thereon 1n the through-hole 3 of each semiconductor device
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region 32 of the wiring substrate 31 (the step S5 of FIG. 22),
as 1llustrated in FIGS. 35 to 37. After that, by swaging each
heat-releasing plate 4 (the convex part 12 of the heat-releasing
plate 4) to the wiring substrate 31 (each through-hole 3 of the
wiring substrate 31), each heat-releasing plate 4 1s fixed to the

wiring substrate 31, (the step S6 of FIG. 22). FIGS. 35 to 37

are the plan views illustrating the stages 1n which the steps S5
and S6 are completed (FIG. 35 and FIG. 36, respectively), or

the cross-sectional view (FIG. 37). FIG. 35 and FIG. 36 show

the same region as that of FIG. 25, (or three semiconductor
device regions 32), specifically FIG. 35 shows the lower
surface 315 side of the wiring substrate 31, while FIG. 36
shows the upper surface 31a side of the wiring substrate 31.
FIG. 37 shows the cross-sectional view corresponding to FIG.

26, (or the cross section along C1-C1 line of FIG. 35 and FIG.
36). By conducting the steps S35 and S6, the position of C1-C1
line agrees with the position of D1-D1 line.

In the step S5 of placing the heat-releasing plate 4, the
heat-releasing plate 4 1s positioned to the upper surface 31a
side of the wiring substrate 31 so that the main surface 11a of
the base material part 11 of the heat-releasing plate 4 faces the
upper surface 31a of the wiring substrate 31, so that the
convex part 12 of the heat-releasing plate 4 1s positioned
within the through-hole 3 of the wiring substrate 31, and so
that the supporting part 13 (supporting surface 13a of the
supporting part 13) of the heat-releasing plate 4 contacts with
the upper surface 31a of the wiring substrate 31. With the
structure, there 1s established a state 1n which the convex part
12 of the heat-releasing plate 4 1s inserted (located) in each
through-hole 3 of the wiring substrate 31. In this state, the
heat-releasing plate 4 1s not fixed to the wiring substrate 31,
though the side surface 125 of the convex part 12 located in
the through-hole 3 faces the inside wall of the through-hole 3.
In the step S6, the groove 16 1n the main surface 12a of the
convex part 12 of the heat-releasing plate 4 1s widened forc-
ibly (for example, the groove 16 1s forcibly widened by using
a 11g such as the j1g 46 described later), which brings a portion
of the side surface 125 of the convex part 12 into direct contact
with the mside wall of the through-hole 3, and which thereby
swages each heat-releasing plate 4 (the convex part 12 of the
heat-releasing plate 4) to the wiring substrate 31 (each
through-hole 3 of the wiring substrate 31) to fix thereto.

Belore conducting the steps S5 and S6, there 1s a need of
providing the wiring substrate 31 in the step S1. To do this, the
step S1 of providing the wiring substrate 31 can be given at
any of: before the step S2; simultaneous with the step S2; after
the step S2 and before the step S3; sitmultaneous with the step
S3; after the step S3 and before the step S4; simultaneous with
the step S4; and after the step S4 and before the step SS.

Regarding the steps S5 and S6 of placing the heat-releasing
plate 4 and of swaging (fixing) the heat-releasing plate 4,
respectively, detail description 1s given later.

Next step 1s, as illustrated in FIG. 38 and FIG. 39, to
conduct the wire bonding to couple electrically each elec-
trode pad PD of the semiconductor chip 5§ with the corre-
sponding bonding lead BL formed directly on the wiring
substrate 31 via the bonding wire BW as the conductive
coupling member (the step S7 of FIG. 22). FIG. 38 and FIG.
39 are the plan view and the cross sectional view, respectively,
illustrating the stage in which the step S7 of wire bonding 1s
completed. FIG. 38 shows the same region as that of FIG. 25
and FIG. 35 (or three semiconductor device regions 32),
giving the lower surface 315 side of the wiring substrate 31.
FIG. 39 shows the cross-sectional view corresponding to FIG.
37 (or the cross section at a position corresponding to the

C1-C1 line).
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In the step S7 of wire bonding, a plurality of bonding leads
BL 1n each semiconductor device region 32 of the lower
surface 315 of the wiring substrate 31 are coupled with the
respective electrode pads PD of the semiconductor chip 5
being joined (mounted) with the convex part 12 of the heat-
releasing plate 4 located 1n the through-hole 3 of the semi-
conductor device region 32 via the respective bonding wires
BW (conductive joining member) 1n a state 1n which the lower
surface 315 of the wiring substrate 31 faces upward.

I, different from the embodiment 1, the step S6 (the step of
fixing the heat-releasing plate 4 by swaging) 1s eliminated, the
heat-releasing plate 4 may be detached from the wiring sub-
strate 31 1n the step S7 of wire bonding and in the step S8 of
molding (described later). In contrast, according to the
embodiment 1, the heat-releasing plate 4 1s swaged to be fixed
to the wiring substrate 31 in the step S6, which can be pre-
vented from the separation of the heat-releasing plate 4 from
the wiring substrate 31 during the succeeding step S7 of wire
bonding and the like (that 1s, before forming the sealing
portions 7¢ and 8 in the step S8 of molding (described later)).

After the step S7 of wire bonding, as 1llustrated 1n FIGS. 40
to 42, the step of molding (for example, the step of transier
molding) 1s given to conduct resin-sealing to form the sealing,
portions 7c and 8 (the step S8 of F1G. 22). The sealing portion
8 seals (resin-sealing) the semiconductor chip 5 and the bond-
ing wires BW 1n each semiconductor device region 32 at the
lower surface 3156 side of the wiring substrate 31. Accord-
ingly, the step S8 of molding can be considered as the step of
resin-sealing the semiconductor chip 5 and the bonding wires
BW (conductive joining member) in each semiconductor
device region 32.

FIGS. 40 to 42 are the plan view (F1G. 40 and FIG. 41) and
the cross-sectional view (FIG. 42) illustrating the stage in
which the sealing portions 7¢ and 8 were formed 1n the step S8
of molding. FI1G. 40 and FIG. 41 show the same region as that
of FIG. 36 and FIG. 35 (or three semiconductor device
regions 32), respectively, specifically FIG. 40 shows the
upper surface 31a side (or the sealing portion 7c¢ side) of the
wiring substrate 31, while FIG. 41 shows the lower surface
3156 side of the wiring substrate 31. FIG. 42 1s the cross-
sectional view corresponding to FIG. 37 and FIG. 39, (or the
cross section along the C1-C1 line of FIG. 40 and FIG. 41).
However, FIG. 37 and FIG. 39 show the state that the lower
surface 35 side of the wiring substrate 31 faces upward, while
FIG. 42 of cross sectional view shows the state in which the
upper surface 31a side of the wiring substrate 31 faces
upward.

According to the embodiment 1, the step S8 of molding
forms integrally (by a single step ) the sealing portion 7¢ at the
upper surface 31a side of the wiring substrate 31 and the
sealing portion 8 at the lower surface 315 side of the wiring
substrate 31. The sealing portion 7¢ 1s formed so as to cover
the entire semiconductor device regions 32 1n the upper sur-
face 31a of the wiring substrate 31. On the other hand, the
sealing portion 8 1s formed so as to cover the semiconductor
chip 5 and the bonding wire BW 1n each of the semiconductor
device regions 3 1n the lower surface 315 of the wiring sub-
strate 31. The sealing portions 8 formed on the respective
semiconductor device regions 32 are separated from each
other.

According to the embodiment 1, the step S8 of molding
supplies the resin material MR, which 1s supplied to the upper
surface 31a side (cavity CAV1 described later) of the wiring
substrate 31, to the lower surface 315 side (cavity CAV2
described later) of the wiring substrate 31 via the gap part 15,
and thus the resin material MR forms the sealing portion 7¢ at
the upper surface 31a side of the wiring substrate 31 and the
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sealing portion 8 at the lower surface 315 side of the wiring
substrate 31. The step S8 of molding 1s described 1n detail
later.

After the convex part 12 of the heat-releasing plate 4 1s
swaged to be fixed to the wiring substrate 31 1n the step S6, the
heat-releasing plate 4 1s kept fixed to the wiring substrate 31
by swaging until the step S8 of molding 1s conducted. The
procedure can prevent the separation of heat-releasing plate 4
from the through-hole 3 of the wiring substrate 31 before
forming the sealing portions 7¢ and 8. Once the sealing por-
tions 7¢ and 8 are formed, the heat-releasing plate 4 and the
wiring substrate 31 are strongly connected together by the
sealing portions 7¢ and 8. Therefore, after the sealing portions
7c and 8 are formed, separation of the heat-releasing plate 4
from the through-hole 3 of the wiring substrate 31 1s surely
prevented even under a load and weight.

Next, as 1llustrated 1in FIG. 43, the solder balls 9 are con-
nected (Joined) with the bump lands LA directly on the lower
surface 315 of the wiring substrate 31, (the step S9 of FIG.
22), respectively. F1G. 43 1s a cross-sectional view illustrating
the stage in which connecting the solder balls 9 in the step S9
has been completed, showing the cross section corresponding
to FIG. 37, FIG. 39, and FIG. 42, (or the cross section at the
position corresponding to the C1-C1 line). The cross section
of FIG. 43, however, 1s 1n the state that the upper surface 31qa
side of the wiring substrate 31 faces upward, similar to FIG.
42.

In the step S9 of connecting solder ball 9, the solder ball 9
and the bump land LA of the lower surface 315 of the wiring
substrate 31 can be joined to couple each other by, for
example, facing the lower surface 315 of the wiring substrate
31 upward, by arranging solder balls 9 directly on the respec-
tive bump lands LA of the lower surface 3156 of the wiring
substrate 31 to temporarily fix them together by a flux or the
like, and then by performing solder reflow treatment (reflow
treatment, heat treatment) to melt and re-solidify the solder.
After that, as necessary, the step of rinsing makes it possible
to remove the flux and the like attached to the surface of the
solder ball 9. By the procedure, the step S9 forms the solder
balls 9 as the external terminals of the semiconductor device
1 directly on the bump lands LA of the lower surface 315 of
the wiring substrate 31, respectively. Therefore, the step S9 of
connecting solder ball 9 can be considered as a step of form-
ing the external terminals directly on the respective bump
lands LA directly on the lower surface 315 of the wiring
substrate 31 (or the step of forming the external terminals).

The solder ball 9 connected with the lower surface 3156 of
the wiring substrate 31 can be considered as the bump elec-
trode (solder bump). The embodiment 1 describes the case of
connecting the solder ball 9 as the external terminal of the
semiconductor device 1 with the bump land LA. The struc-
ture, however, 1s not limited to the one given 1n the embodi-
ment 1, and for example, the bump electrode (solder bump) as
the external terminal of the semiconductor device 1 can be
formed over the bump land LA by supplying the solder
directly on the bump land LA by the printing method or the
like, instead of the solder balls 9. The material of the external
terminal (the solder ball 9 1n the embodiment 1) of the semi-
conductor device 1 may be a lead-containing solder or a
lead-1ree solder, and the lead-free solder 1s preferred.

Next step 1s to cut (dicing) the wiring substrate 31 and the
sealing portion 7¢ formed directly on the upper surface 31a of
the wiring substrate 31 to be separated (divided) to the respec-
tive semiconductor device regions 32, (the step S10 of FIG.
22). FIG. 44 and FIG. 45 are the plan view (total plan view)
illustrating the state immediately before performing the step
S10 of cutting, giving the same region as that of FIG. 23 and
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FIG. 24, respectively, or the entire wiring substrate 31. FIG.
44 shows the upper surface 31a side of the wiring substrate
31, and F1G. 45 shows the lower surface 315 side ol the wiring
substrate 31. Although FIG. 44 and FIG. 45 are plan views,
the sealing portions 7¢ and 8 are given with hatching for easy
understanding, and the dicing line DL 1n the step S10 of
cutting 1s given by a broken line.

In the step S10 of cutting, the wiring substrate 31 1s cut
together with the sealing portion 7¢ of the upper surface 31a
of the wiring substrate 31 along the dicing line DL (cutting
line, cutting position) given in FIG. 44 and FIG. 45. As can be
seen 1n comparison of FI1G. 44 and FI1G. 23 and of FIG. 45 and
FIG. 24, the dicing line DL extends along the outer periphery
ol the semiconductor device region 32. That 1s, the step S10 of
cutting separates the wiring substrate 31 and the sealing por-
tion 7¢ 1n the supper surface 31a of the wiring substrate 31
into the respective semiconductor device regions 32. Further-
more, since the sealing portion 8 1s not formed at the bound-
ary ol the semiconductor device regions 32 (or at the dicing
line DL), the sealing portion 8 1s not cut in the step S10 of
cutting.

By the step S10 of cutting and individuating, the semicon-
ductor device 1 shown 1n FIG. 46, (or the semiconductor
device 1 shown 1n FIGS. 1 to 10), can be manufactured. FIG.
46 shows the cross section, the same as that of FIG. 1. The
wiring substrate 31 which 1s cut (divided) to the respective
semiconductor device regions 32 corresponds to the wiring
substrate 2, and the sealing portion 7¢ which 1s cut (divided)
to the respective semiconductor device regions 32 corre-
sponds to the sealing portion 7. The upper surface 31a of the
wiring substrate 31 corresponds to the upper surface 2a of the
wiring substrate 2, and the lower surface 315 of the wiring
substrate 31 corresponds to the lower surface 256 of the wiring
substrate 2.

<Fixing the Heat-Releasing Plate to the Wiring Substrate>

The above steps S5 and S6 of placing the heat-releasing
plate 4 and of fixing (swaging) the heat-releasing plate 4,
respectively, will be described below 1n more detail.

The specific procedure of the steps S5 and S6 of placing the
heat-releasing plate 4 and of fixing (swaging) the heat-releas-
ing plate 4, respectively, will be described below referring to
FIGS. 47 to 55. FIGS. 47 to 55 1llustrate the steps S5 and S6
of placing the heat-releasing plate 4 and of fixing (swaging)
the heat-releasing plate 4, respectively. F1G. 47, F1G. 48, FIG.
50, FIG. 51, FIG. 53, and FIG. 55 show the cross section
corresponding to FIG. 37, (or the cross section at a position
corresponding to the C1-C1 line and the D1-D1 line, respec-
tively). FIG. 49 corresponds to the part-enlarged view of
regions RG3 and RG4 encircled by the circle 1n FIG. 48, FIG.
52 corresponds to the part-enlarged view of the regions RG3
and RG4 encircled by the circle 1n FIG. 51, and FIG. 54
corresponds to the part-enlarged view of the regions RG3 and
RG4 encircled by the circle n FIG. 53.

First, the heat-releasing plates 4 corresponding to the quan-
tity of semiconductor device regions 32 constituting the wir-
ing substrate 31 are arranged so that the main surface 12a of
the convex part 12 faces upward. The arrangement 1s given so
that the heat-releasing plates 4 correspond to the arrangement
of the semiconductor device regions 32 in the wiring substrate
31. These heat-releasing plates 4 are set to be the state given
in FIG. 47 on a tray, a carrier 45, or the like. The tray or the
carrier 45 may have a structure in which the respective heat-
releasing plates 4 are capable of being positioned and
arranged so that each convex part 12 of the heat-releasing
plates 4 allows 1nserting into the respective through-holes 3 of
the wiring substrate 31 at a time. The tray or the carrier 45 on
which the heat-releasing plates 4 are arranged, 1s put (placed)
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on a stage (table, working table) (not shown). FIG. 47, FIG.
48 and the like show the region corresponding to a single
semiconductor device region 32. As described above, how-
ever, a plurality of heat-releasing plates 4 1s arranged on the
tray or the carrier 1 practice.

The wiring substrate 31 1s positioned above the heat-re-
leasing plates 4 so as the upper surface 31a of the wiring
substrate 31 to face the convex part 12 of the heat-releasing
plate 4, and the wiring substrate 31 1s moved (descended)
toward the heat-releasing plates 4 (in the arrow direction of
FIG. 47), and then the convex parts 12 of the heat-releasing
plates 4 are mserted into (pushed 1n) the respective through-
holes 3 of the semiconductor device regions 32 of the wiring
substrate 31, as 1llustrated in FIG. 48.

As 1llustrated i FIG. 47, 1t 1s preferable that the wiring
substrate 31 1s moved 1n a state of fixing the heat-releasing
plates 4, ({or example, fixing to the tray or the carrier 45), to
isert the convex part 12 of each heat-releasing plate 4 into
cach through-hole 3 of the wiring substrate 31. Alternatively,
the heat-releasing plate 4 may be moved 1n a state of fixing the
wiring substrate 31, and each convex part 12 of the heat-
releasing plate 4 may be inserted into each through-hole 3 of
the wiring substrate 31. That 1s, the step SS inserts the convex
part 12 of each heat-releasing plate 4 into each through-hole
3 of the wiring substrate 31 by moving the relative position
between the wiring substrate 31 and the heat-releasing plates
4. That 1s to say, the step S5 inserts the convex part 12 of the
heat-releasing plate 4 mounting the semiconductor chip 5
thereon into the through-hole 3 of the wiring substrate 31
from the side of upper surface 31a of the wiring substrate 31
(from the side corresponding to the upper surface 2a of the
wiring substrate 2).

As described above, the heat-releasing plate 4 1s composed
of the base matenial part 11, the convex part 12, and the
supporting part 13. In the step S5, the convex part 12 1s placed
(1nserted, contained) 1n the through-hole 3 of the wiring sub-
strate 31, the base material part 11 1s positioned at the upper
surface 31a side of the wiring substrate 31, and the supporting
surface 13a of the supporting part 13 contacts with the upper
surface 31a of the wiring substrate 31.

As can be seen 1n FIGS. 47 to 49, the inside wall of the
through-hole 3 of the wiring substrate 31 1s nearly vertical to
the upper surface 31a and the lower surface 315 of the wiring
substrate 31, and the side surface 125 of the convex part 12 of
the heat-releasing plate 4 1s nearly vertical to the main surface
12a of the convex part 12 of the heat-releasing plate 4, to the
main surface 11a of the base material part 11, and to the
supporting surface 13a of the supporting part 13. The cross-
sectional shape of the convex part 12 of the heat-releasing
plate 4 (the shape of cross section nearly parallel to the main
surface 12a of the base matenal part 12 of the heat-releasing
plate 4 and to the supporting surface 13a of the supporting
part 13), 1s set to be equivalent with or to be slightly smaller
than the cross-sectional shape of the through-hole 3 of the
wiring substrate 31 (the shape of cross section nearly parallel
to the upper surface 31a and the lower surface 3156 of the
wiring substrate 31), and slightly smaller cross-sectional
shape 1s preferred. By setting the cross sectional shape of the
convex part 12 of the heat-releasing plate 4 to be slightly
smaller than the cross-sectional shape of the through-hole 3
of the wiring substrate 31, the step S3 of inserting the convex
part 12 of the heat-releasing plate 4 into the through-hole 3 of
the wiring substrate 31 1s easily conducted.

The step S5 establishes the state 1n which the convex part
12 of the heat-releasing plate 4 1s 1nserted (positioned) nto
cach through-hole 3 of the wiring substrate 31. At this stage,
however, the heat-releasing plate 4 1s not fixed to the wiring
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substrate 31. In the step S6, the groove 16 1n the main surface
12a of the convex part 12 of each heat-releasing plate 4 1s
widened forcibly, to thereby swage each heat-releasing plate
4 (the convex part 12 of the heat-releasing plate 4) and to be
fixed to the wiring substrate 31 (each through-hole 3 of the
wiring substrate 31). The procedure 1s given by forcibly wid-
ening the groove 16 in the main surface 12a of the convex part
12 of the heat-releasing plate 4 by using a j1g such as the j1g 46
(swaging 11g).

The above procedure will be described 1n more detail 1n the
following. The swaging jig 46 positioned above the main
surface 12a of the convex part 12 of the heat-releasing plate 4
1s moved (descended) 1n the arrow direction in FIG. 50 toward
the groove 16 (or 1in the direction of nearly vertical to the main
surface 12a of the convex part 12 of the heat-releasing plate 4
and 1n the direction toward the main surface 12a), which thus
causes the j1g 46 to hit the groove 16 with a front end part 47
of the j1g 46, as illustrated 1n FIG. 51. In other words, the front
end part 47 of the j1g 46 1s pressed against (pushed 1nto) the
groove 16 so that the front end part 47 of the j1g 46 overlays
the groove 16.

In this state, the front end part 47 of the j1g 46 has a taper
shape thinning toward the tip, viewed in the cross section
vertical to the extending direction of the groove 16, (cross
sectional view of FIGS. 50 to 52). The tip of the front end part
4’7 of the j1g 46 has a width equivalent to or slightly smaller
than the width W1 of the groove 16 (the width in the direction
vertical to the extending direction of the groove 16, and the
opening width of the main surface 12a side of the convex part
12). The width W1 1s shown in FIG. 49. Since, however, the
front end part 47 of the j1g 46 has a tapered shape, as 1llus-
trated 1n FIG. 51 and FIG. 52, when the tip of the front end
part 47 of the j1g 46 reaches the bottom of the groove 16, the
tront end part 47 of the j1g 46 has a larger size than the width
W1 of the groove 16 at the position of the main surface 12a of
the convex part 12 of the heat-releasing plate 4.

Therefore, when the front end part 47 of the j1g 46 hits the
groove 16, (when the front end part 47 of the j1g 46 15 pressed
against the groove 16), as illustrated in FIG. 52, the groove 16
1s Torcibly widened by the front end part 47 of the j1g 46, (or
the width W1 widens at upper part of the groove 16). When
the groove 16 1s widened forcibly, a portion of the convex part
12 1s widened 1n the horizontal direction (in the direction
parallel with the main surface 12a of the convex part 12) by an
amount of the volume of widened groove, which allows a
portion of the side surface 126 of the convex part 12 (upper
part of the side surface 125) of the heat-releasing plate 4 to
directly contact and adhere to the inside wall face of the
through-hole 3 of the wiring substrate 31. By the reaction
force, there 1s generated a force to cause the inside wall of the
through-hole 3 of the wiring substrate 31 to closely contact
with and press a portion of the side surface 125 of the convex
part 12, thus tightening the side surface 125 of the convex part
12 of the heat-releasing plate 4 by the inside wall of the
through-hole of the wiring substrate 31, and allows swaging,
the heat-releasing plate 4 (the convex part 12 of the heat-
releasing plate 4) to the wiring substrate 31 to fix the heat-
releasing plate 4 to the wiring substrate 31.

By pressing the front end part 47 of the j1g 46 against the
groove 16, the grove 16 1n the main surface 12a of the convex
part 12 of the heat-releasing plate 4 1s forcibly widened, and
as 1llustrated 1n FIG. 53, the jig 46 1s ascended to separate
from the convex part 12 of the heat-releasing plate 4. As a
result, although the front end part 47 of the jig 46 becomes
apart from the groove 16, as illustrated 1n F1G. 54, a portion of
the side surface 125 (upper part of the side surface 1256) of the
convex part 12 of the heat-releasing plate 4 directly contacts
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with the 1nside wall face of the through-hole 13 of the wiring
substrate 31, thus maintaining the adhered state. That 1s, the
state 1n which the heat-releasing plate 4 (the convex part 12 of
the heat-releasing plate 4) was swaged and fixed to the wiring
substrate 31, 1s maintained.

The shape and the like of the j1g 46 can be varied 1f only the
groove 16 1n the principal plane 12a of the convex part 12 of
the heat-releasing plate 4 can be widened forcibly, and the
heat-releasing plate 4 (the convex part 12 of the heat-releasing
plate 4) can be swaged (fixed) to the wiring substrate 31.

After the step S6 of swaging the heat-releasing plate (the
convex part 12 of the heat-releasing plate 4) to be fixed to the
wiring substrate 31, as illustrated 1n FIG. 55, the heat-releas-
ing plates 4 fixed (swaged) to the wiring substrate 3 are
detached (removed) from the tray or the carrier 45. To do this,
the tray or the carrier 45 may be formed for easily detaching
(removing) the heat-releasing plate 4 therefrom. After that,
the wiring substrate 31 to which the heat-releasing plates 4 are
fixed (swaged) 1s sent to succeeding step (the step S7 of wire
bonding 1n the embodiment 1).

According to the embodiment 1, the step S6 of swaging the
heat-releasing plate 4 to be fixed to the wiring substrate 31 can
prevent the separation of the heat-releasing plate 4 from the
wiring substrate 31 before forming the sealing portions 7c¢
and 8 1n the next step.

The groove 16 formed in the main surface 12a of the
conveXx part 12 of the heat-releasing plate 4 1s for swaging the
heat-releasing plate 4 (the convex part 12 of the heat-releasing
plate 4) to be fixed to the wiring substrate 31 (the through-
hole 3 of the wiring substrate 31) by forcibly widening the
groove 16 by using the j1g 46. To do this, as illustrated 1n
FIGS. 8 to 10 and F1G. 14, the groove 16 1s preferably formed
at peripheral area of the main surface 12a of the convex part
12 of the heat-releasing plate 4. In addition, 1t 1s preferable
that, 1n the main surface 12a of the convex part 12 of the
heat-releasing plate 4, the groove 16 1s formed along each of
the two sides facing each other, and 1t 1s more preferable that,
in the main surface 12a of the convex part 12 of the heat-
releasing plate 4, the groove 16 1s formed along each of the
four sides. With the structure, 1n forcibly widening the groove
16 with the j1g 46, a portion of the side surface 125 of the
convex part 12 1s brought into direct contact with the inside
wall of the through-hole 3 of the wiring substrate 31, which
allows surely swaging of the heat-releasing plate 4 to be fixed
to the wiring substrate. In other words, the supporting surface
13a of the supporting part 13 of the heat-releasing plate 4 and
the side surface 126 of the convex part 12 of the heat-releasing
plate 4 can sandwich a portion of the wiring substrate 31
therebetween.

Different from the embodiment 1, if the groove 16 1s
formed only 1n a region 1n which the semiconductor chip 5 1s
mounted (a region overlapped in a planar view with the
mounted semiconductor chip 5) 1nthe main surface 12a of the
conveXx part 12 of the heat-releasing plate 4, and 11 the groove
16 1s not formed 1n a region other than the region 1n which the
semiconductor chip 5 1s mounted, the step S6 cannot forcibly
widen the groove 16 1n the main surface 12a of the convex
part 12 by the j1g 16 hindered by the semiconductor chip 5.

To the contrary, according to the embodiment 1, 1n the main
surface 12a of the convex part 12 of the heat-releasing plate 4,
the groove 16 for swaging 1s formed 1n a region other than the
region 1n which the semiconductor chip 5 1s mounted (the
region overlapped 1n a planar view with the mounted semi-
conductor chip 3), and preferably the groove 16 1s formed 1n
the peripheral area of the region in which the semiconductor
chip 5 1s mounted. By the structure, the step S6 allows forc-
ibly widening the groove 16 1n the main surface 12a of the
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convex part 12 by the jig 46 without interference of the
semiconductor chip 5 mounted over the convex part 12, thus
allowing the heat-releasing plate 4 to be swaged and fixed to
the wiring substrate 31. The region 1n which the semiconduc-
tor chip 5 1s mounted corresponds to the region being covered
with the semiconductor chip 5 in the main surface 12a of the
convex part 12 after mounting the semiconductor chip 5.
Accordingly, the step S3 of mounting the semiconductor chip
5 mounts the semiconductor chip 5 at a position more close to
the center than the region 1n which the groove 16 1s formed, in
the main surface 12a of the convex part 12 of the heat-
releasing plate 4.

The outer size of the convex part 12 of the heat-releasing
plate 4 1s preferably smaller than the inner size of the through-
hole 3 of the wiring substrate 31 in order to prevent the
problem of crack generation in the wiring substrate 31 in
iserting the convex part 12 of the heat-releasing plate 4 into
the through-hole 3 caused by the contact of a portion of the
convex part 12 of the heat-releasing plate 4 with the wiring
substrate 31. Sole insertion of the convex part 12 of the
heat-releasing plate 4 into the through-hole 3 of the wiring
substrate 31 cannot fix the heat-releasing plate 4 to the wiring
substrate 31. According to the embodiment 1, however, since
the step S6 forcibly widens the groove 16 1n the main surface
12a of the convex part 12 of the heat-releasing plate 4, the
portion near the front end part of the convex part 12 (a portion
in the vicimity of the main surface 12a 1n the side surface 125)
extends 1n the horizontal direction (the direction parallel with
the main surface 12qa of the convex part 12) to locally enlarge
the outer size, which makes a portion of the side surface 125
of the convex part 12 of the heat-releasing plate 4 directly
contact to adhere to the inside wall face of the through-hole 3
of the wiring substrate 31. Therefore, this allows surely swag-
ing of the heat-releasing plate 4 (the convex part 12 of the
heat-releasing plate 4) to be fixed to the wiring substrate 31.

After the step S5 of placing (1nserting) the convex part 12
of the heat-releasing plate 4 in the through-hole 3 of the
wiring substrate 31, the gap part 15 1s formed between the side
surtace 126 of the convex part 12 of the heat-releasing plate 4
and the 1nside wall of the through-hole 3 of the wiring sub-
strate 31, and the gap part 18 1s formed between the main
surface 11a of the base material part 11 of the heat-releasing
plate 4 (the region 1n which neither convex part 12 nor sup-
porting part 13 1s formed) and the upper surface 31a of the
wiring substrate 31. The state 1s fixed 1n the step S6. Belore
the step S8 of molding, the gap part 15 and the gap 18 are
empty, not filled with the resin material MR. The specific
structure of the gap part 15 and the gap 18 15 the same as the
one described before except that the resin material MR 1s not
f1lled 1n that stage (before imnjecting the resin material MR into
the cavity of dies 51 and 52, described later).

<Step of Molding>

The step S8 of molding 1s described in more detail 1n the
tollowing.

According to the embodiment 1, the step S8 of molding
forms the sealing portion 7¢ at the upper surface 31a side of
the wiring substrate 31 and the sealing portion 8 at the lower
surface 315 side thereof at a time. The specific procedure of
the step S8 of molding 1s described below referring to FIGS.
56 to 67.

FIGS. 56 to 67 illustrate the step S8 of molding. FIG. 56 15
a cross-sectional view (entire cross-sectional view ) schemati-
cally illustrating the stage before the wiring substrate 31 is
clamped by the dies 51 and 42. FIG. 57 1s a cross-sectional
view (entire cross-sectional view) schematically 1llustrating,
the stage after the wiring substrate 31 was clamped by the dies
51 and 52. FIGS. 58 to 61 are main-part cross-sectional views

10

15

20

25

30

35

40

45

50

55

60

65

30

of the wiring substrate 31 in the state after the wiring substrate
31 was clamped by the dies 51 and 52. FIG. 58 and FIG. 59
show the cross section of a region almost corresponding to a
single semiconductor device region 32. FIG. 58 shows the
cross section, the same as that in FI1G. 1, FIG. 39, and FI1G. 42,
(or the cross section at the position corresponding to the
above Al1-Al line and the C1-C1 line 1n FIG. 40 and FI1G. 41),
and FIG. 59 shows the cross section, the same as that 1n FIG.
2, (or the cross section at the position corresponding to the
above A2-A2 line and the C2-C2 line 1n FIG. 40 and FIG. 41).
FIG. 60 corresponds to the part-enlarged view of regions RG5S
and RG6, encircled by a circle 1n FIG. 38, and FIG. 61
corresponds to the part-enlarged view of regions RG7 and
RG8 encircled by a circle in FIG. §9. The region RG6 corre-
sponds to the regions RG1 and RG3, the region RGS corre-
sponds to the region RG4, and the region RG8 corresponds to
the region RG2.

In the step S8 of molding, the wiring substrate 31 1n which
the steps S1 to S7 are completed and the heat-releasing plate
4 15 1n a state of being fixed (swaged), 1s positioned between
the die 51 as the upper die and the die 52 as the lower die, as
illustrated 1n FIG. 56. As 1llustrated in FIGS. 57 to 59, the
wiring substrate 31 1s clamped (fixed) from above and
beneath thereot by using the dies 51 and 52. In this state, the
wiring substrate 31 1s sandwiched between the dies 51 and 52
so that the upper surface 31a of the wiring substrate 31 faces
upward to face the die (upper die) 51, and so that the lower
surface 315 of the wiring substrate 31 faces downward to face
the die (lower die) 52.

As seen 1n FIGS. 56 to 59, in clamping the wiring substrate
31 between the dies 51 and 52, 1t 1s preferable that a sheet 53
(film, laminate) 1s set to be 1n a state of being attached to the
upper surface o the die (lower die) 52, (the main surface at the
side facing the die 51 and the wiring substrate 31) by, for
example, suction or other means, to thereby position the sheet
53 between the die (lower die) 52 and lower surface 316 of the
wiring substrate 31 for avoiding direct contact of the die 52
with the lower surface 315. The sheet 33 has elasticity larger
than that of the die (lower die) 52, and also has heat resistance
to endure the temperature of molding step. For example, the
sheet 53 can be formed by a resin sheet such as polyimide
resin sheet. The use of the sheet 53 prevents the contact of the
bump lands LA 1n each semiconductor device region 32 on
the lower surface 315 of the wiring substrate 31 with the die
52, though the bump lands LA contact with the sheet 53.
Accordingly, the bump lands LA over the lower surface 3156
of the wiring substrate 31 can be prevented from being dam-
aged by the die 52 having high ngidity. The sheet 533 can be
rolled and unrolled by rollers 54 and 55.

When the wiring substrate 31 1s clamped between the dies
51 and 52, as illustrated in FIGS. 57 to 62, the cavity CAV1 1s
tformed between the upper surface 31a of the wiring substrate
31 and the die (upper die) 51, while the cavity CAV2 1s formed
between the lower surface 315 of the wiring substrate 31 and
the die (lower die) 52. The cavity CAV1 1s a cavity (a hollow
space) for forming the sealing portion 7¢, and the cavity
CAV?2 1s a cavity (a hollow space) for forming the sealing
portion 8. Since the sealing portion 7¢ 1s divided at each
semiconductor device region 32 1n succeeding step to become
the sealing portion 7, the cavity CAV1 can be considered as
the one for forming the sealing portion 7.

The cavity CAV2 1s formed between the lower surface 315
of the wiring substrate 31 and the die (lower die) 52. When,
however, the sheet 53 1s applied, the cavity CAV2 1s formed
between the sheet 33 located along the upper surface of the
die (lower die) 52 and the lower surface 3156 of the wiring
substrate 31.
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The cavity CAV2 which 1s formed between the lower sur-
tace 315b of the wiring substrate 31 and the die (lower die) 52
1s provided one by one for each of the semiconductor device
regions 32 in the lower surtace 315 of the wiring substrate 31.
That 1s, one cavity CAV2 1s formed for one semiconductor
device region 32.

Meanwhile, the cavity CAV1 formed between the upper
surface 31a of the wiring substrate 31 and the die (upper die)
51 1s positioned so as to mclude the entire semiconductor
device regions 32 over the upper surface 31a of the wiring
substrate 31. That 1s, one cavity CAV1 1s formed for the
pluralities of semiconductor device regions 32. However, the
rear surface 115 of the base material part 11 of the heat-
releasing plate 4 contacts with the lower surface of the die
(upper die) 51.

After clamping the wiring substrate 31 between the dies 51
and 52, the resin material MR for forming the sealing portions
7c and 8 1s injected (supplied) to the cavity CAV1 which 1s
formed between the upper surface 31a of the wiring substrate
31 and the die (upper die) 51 from a resin gate (resin gate
opening, resin injection opening), as illustrated in FI1G. 62.
The resin gate 56 1s positioned at a side of the cavity CAV1,
and the dies 31 and 52 are the molding dies of side gate type.

FIG. 62 1s a cross-sectional view (entire cross sectional
view) schematically illustrating the state (stage) after inject-
ing the resin material MR 1nto the cavity of the dies 51 and 52.
FIGS. 63 to 66 are the main- -part Cross- -sectional views 1llus-
trating the state (stage) after injecting the resin material MR
into the cavity of the dies 51 and 52. FIG. 63 shows the cross
section, the same as that in FIG. 58, (or the cross section at the
position corresponding to the above Al-Al line and the
C1-C1 line in FIG. 40 and FIG. 41), and FIG. 64 shows the
cross section, the same as that in FIG. 39, (or the cross section

at the position corresponding to the above A2-A2 line and the
C2-C2 line 1n FI1G. 40 and FIG. 41). Since FIG. 65 shows the

same cross section as that of FI1G. 60, and FIG. 66 shows the
same cross section as that of FIG. 61, FIG. 65 corresponds to
the part-enlarged view of the regions RG3S and RG6, encircled
by a circle 1n FIG. 63, and FIG. 66 corresponds to the part-
enlarged view of the regions RG7 and RG8 encircled by a
circle in FIG. 64.

As 1llustrated 1in FIG. 59 and FIG. 61, there 1s at least one
gap part 15 (preferably several gap parts at several positions)
between the 1nside wall of each through-hole 3 of the wiring
substrate 31 and the side surface 125 of the convex part 12 of
the heat-releasing plate 4 being inserted into the through-hole
3, which gap part 15 separates the inside wall of the through-
hole 3 from the side surface 125 of the convex part 12, and
extends (connects, penetrates) from the upper surface 31a to
the lower surface 315 of the wiring substrate 31. As for the
heat-releasing plate 4, since the supporting surface 13a of the
supporting part 13 contacts with the upper surface 31a of the
wiring substrate 31, the gap 18 1s formed between the main
surface 11a (a region 1n which neither convex part nor sup-
porting part 13 1s formed) of the supporting part 11 of the
heat-releasing plate 4 and the upper surface 31a of the wiring
substrate 31. The gap part 15 and the gap 18 are formed 1n the
step S5 at the stage of inserting the convex part 12 of the
heat-releasing plate 4 into each through-hole 3 of the wiring
substrate 31. The state 1s fixed 1n the step S6. After that, the
gap part 15 and the gap 18 are maintained as cavity until
betfore, 1n the step S8 of molding, the resin material MR 1s
injected from the resin gate 56.

Consequently, when the wiring substrate 31 1s clamped
between the dies 51 and 52, the cavity CAV1 formed between
the upper surface 31a of the wiring substrate 31 and the die 51
and the cavity CAV2 formed between the lower surface 315 of
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the wiring substrate 31 and the die 52 become connected each
other via the gap 18 between the main surface 11q of the base
material part 11 of the heat-releasing plate 4 and the upper
surface 31a of the wiring substrate 31, and via the gap part 15
between the side surface 126 of the convex part 12 of the

heat-releasing plate 4 and the 1inside wall of the through-hole

3.

Since the cavity CAV1 and the cavity CAV2 are connected
cach other by the gap 18 and the gap part 15, the resin material
MR 1njected into the cavity CAV1 from the region gate 56
spreads over the entire cavity CAV1 to {ill the entire cavity
CAV1, and the injected resin material MR further enters
(flows 1n) the cavity CAV?2 formed between the lower surface
31b6 of the wiring substrate 31 and the die (lower die) 52
through the gap 18 and the gap part 15. That 1s, the gap 18 and
the gap part 15 function as the flow passage of the resin
material MR. By injecting the resin material MR from the
resin gate 56 into the cavity CAV1, the resin material MR can
{111 not only the cavity CAV1 but also the cavity CAV2. In
addition, the cavity CAV1 becomes a state in which the resin
material MR {ills also the gap 18 between the main surface
11a of the base material part 11 of the heat-releasing plate 4
and the upper surface 31a of the wiring substrate 31, (the state
of being filled with the resin material MR). Also the gap part
15 becomes the state of being filled with the resin material
MR (the state being full of resin material MR).

The airinthe cavity CAV1 and the cavity CAV2 1s removed
(vented) from an air vent 57 (air-vent opening, gas-vent,
gas-discharge opening) during the filling of the cavity CAV1
and the cavity CAV2 with the resin material MR. The resin
gate 56 and the air vent 57 are formed at the side of die 51 as
the upper die, or between the upper surface 31a of the wiring
substrate 31 and the die (upper die) 51.

The applied resin material MR 1s made of, for example, a
thermosetting resin, and can contain a filler and the like. For
example, the resin material MR can be prepared by using an
epoxy resin containing a filler and the like. The tflowability of
the resin material MR 1njected into the cavity CAV1 may be
adjusted so as to allow 1njecting thereof also into the cavity
CAV?2 through the gap 18 and the gap part 15.

When the resin material MR contains filler, the gap 18 and
the gap part 15 preferably have a size so as to allow the filler
in the resin material MR to pass therethrough. With that size,
feeding the resin material MR containing the filler to the
cavity CAV1 allows introducing the resin material MR con-
taining the filler to the cavity CAV2 via the gap 18 and the gap
part 15. By the procedure, the composition (or the content of
the filler) of the resin material MR 1n the cavity CAV1
becomes almost equal to the composition (or the content of
the filler) of the resin material MR 1n the cavity CAV2, and
thus the composition (or the content of the filler) becomes
almost equal to that of the sealing portion 7¢ (7) and the
sealing portion 8.

After filling the cavity CAV1 and the cavity CAV2 with the
resin material MR, the resin material MR 1n the cavity CAV1
and the cavity CAV2 is hardened by heating or the like. The
resin material MR 1n the cavity CAV1 1s hardened to become
the sealing portion 7¢, while the resin material MR 1n the
cavity CAV2 1s hardened to become the sealing portion 8, and
thus the gap part 15 becomes also filled with the hardened
resin material MR. Also the gap 18 1s filled with the .

hardened
resin material MR, and the resin material MR filling the gap
18 also constitutes a portion of the sealing portion 7c. After
that, the dies 51 and 52 are released to take out the wiring
substrate 31 on which the sealing portions 7¢ and 8 are
formed.
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The sealing portion 7¢ 1s formed so as to cover the entire
semiconductor device regions 32 of the upper surface 31a of
the wiring substrate 31. However, the rear surface 115 of the
base material part 11 of each heat-releasing plate 4 1s exposed
from the upper surface of the sealing portion 7¢. If resin burrs
are formed 1n the rear surface 115 of the base material part 11
of each heat-releasing plate 4, a deburring step may be con-
ducted after the step S8 of molding.

On the other hand, 1n each semiconductor device region 32
of the lower surface 315 of the wiring substrate 31, no sealing
portion 8 1s formed over the region 1n which the bump lands
LA are arranged, and the sealing portion 8 1s formed at a
position closer to the center than the region 1n which the bump
lands LA are arranged. As a result, in each semiconductor
device region 32 of the lower surface 315 of the wiring sub-
strate 31, the sealing portion 8 1s formed so as to cover the
semiconductor chip 5, the main surface 124 of the convex part
12 of the heat-releasing plate 4, the bonding wire BW, and the
bonding lead BL, and so as not to cover the bump land LA.

<Main Characteristics>

According to the embodiment 1, the use of the heat-releas-
ing plate 4 improves the heat-release properties of the semi-
conductor device. In manufacturing the semiconductor
device, 1f the heat-releasing plate 4 1s not fixed to the wiring
substrate 31, the heat-releasing plate 4 may be separated from
the wiring substrate 31 in the step of wire-bonding, the step of
molding, or during transfer between steps. Therefore, in
manufacturing the semiconductor device, the heat-releasing
plate 4 1s required to be fixed to the wiring substrate 31.

The embodiment 1 does not make use of an adhesive to fix
the heat-releasing plate 4 to the wiring substrate 31, and
applies swaging to fix the heat-releasing plate 4 to the wiring
substrate 31. That 1s, 1n the step S6, the groove 16 1n the main
surface 12a of the convex part 12 of the heat-releasing plate 4
1s Torcibly widened to bring a portion of the side surface 12a
of the convex part 12 into direct contact with the inside wall of
the through-hole 3 of the wiring substrate 31, thus to swage
the heat-releasing plate 4 to be fixed to the wiring substrate
31.

Different from the embodiment 1, 1f an adhesive 1s used for
fixing the heat-releasing plate 4 to the wiring substrate 3,
varied size (1nner size) of the through-hole 3 of the wiring
substrate 31 and varied size (outer size) of the convex part 12
ol the heat-releasing plate 4 result in msuificient volume or
excessive volume of an adhesive, which may fail 1n attaining
fixation of the heat-releasing plate 4. In addition, the adhesive
for fixing the heat-releasing plate 4 overtlows at peripheral
area of the through-hole 3 onto the lower surface 315 of the
wiring substrate 31 to be attached to the bonding lead BL,
which may cause poor wire bonding. When the fixation 1s
carried out by an adhesive, on inserting the convex part 12 of
the heat-releasing plate 4 into the through-hole 3 of the wiring,
substrate 31, the holding force of the heat-releasing plate 4
may be lowered because a gap 1s formed between the side
surface 125 of the convex part 12 and the inside wall of the
through-hole 3 for securing the easiness of insertion of the
heat-releasing plate 4. These non-preferable conditions dete-
riorate the reliability of semiconductor device.

In contrast, since the embodiment 1 swages (fixes) the
heat-releasing plate 4 to the wiring substrate 31 by forcibly
widening the groove 16 in the convex part 12, the heat-
releasing plate 4 1s easily fixed even 11 the size (1inner size) of
the through-hole 3 of the wiring substrate 31 and the size
(outer size) of the convex part 12 of the heat-releasing plate 4
are slightly varied. Furthermore, since no adhesive for fixing
the heat-releasing plate 4 1s used, the adhesive does not adhere
to the bonding lead BL., which can prevent the occurrence of
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poor wire bonding. In addition, the dimensional accuracy
(clearance) of the through-hole 3 of the wiring substrate 31
and of the convex part 12 of the heat-releasing plate 4 can be
set to be a lower level than the case of using the adhesive for
fixing the heat-releasing plate 4, which can decrease the
manufacturing cost of the semiconductor device.

Since the embodiment 1 swages (fixes) the heat-releasing
plate 4 to be fixed to the wiring substrate 31 by forcibly
widening the groove 16 1n the convex part 12 of the heat-
releasing plate 4, as illustrated 1n FIG. 54 and FIG. 60, a
region close to the main surface 11qa, 1n the side surface 1256 of
the convex part 12, contacts Wlth the mnside wall of the
through-hole 3 of the wiring substrate 31. However, 1n a
region close to the main material part 11, there 1s a slight gap
19 from the inside wall of the through-hole 3 of the wiring
substrate 31. That1s, the side surface 125 of the convex part 12
except for the gap part 15 has a region (a region close to the
main surface 12a) contacting with the inside wall of the
through-hole 3 of the wiring substrate 31 and a region not
contacting therewith. As a result, 1n the step S8 of molding,
the resin material MR also fills the gap 19 between the side
surface 126 of the convex part 12 of the heat-releasing plate 4
and the mside wall of the through-hole 3, as 1llustrated 1n FI1G.
65. That 1s, the resin material MR also fills between the
portion not directly contacting with the inside wall of the
through-hole 3 and the mside wall of the through-hole 3, in
the side surface 1256 of the convex part 12 of the heat-releasmg
plate 4. The filling of the resin material MR 1n the gap 19 1s
attained by mtroducing the resin material MR from the gap 18
and the gap part 18 into the gap 19. Accordingly, when the
step S8 of molding 1s conducted to form the sealing portions
7c and 8, a portion (a region close to the main surface 12a) of
the side surface 126 of the convex part 12 of the heat-releasing
plate 4, except for the gap part 15, contacts with the side
wall of the through-hole 3 of the wiring substrate 31, while
other portions are in a state i which the hardened resin
material MR exists between the portion and the inside wall of
the through-hole 3 of the wiring substrate 31. The state 1s
maintained also 1n the manufactured semiconductor device 1.
The gap 19 can be smaller than the size of the gap 18 and the
gap part 15, and the filler in the resin material MR cannot pass
therethrough.

As described above, the embodiment 1 forcibly widens the
groove 16 1n the convex part 12 of the heat-releasing plate 4 to
swage (11x) the heat-releasing plate 4 to the wiring substrate
31. Accordingly, the entire surface of the side surface 126 of
the convex part 12 of the heat-releasing plate 4 does not
contact with the inside wall of the through-hole 3, and the
resin material MR enters (fills) the gap 19 to improve the
adhesion of the heat-releasing plate 4 with the wiring sub-
strate 2 (31). Consequently, the manufactured semiconductor
device 1 can improve the close contact (adhesion) between
the heat-releasing plate 4 and the wiring substrate 2, which
allows the heat-releasing plate 4 to be firmly fixed to the
wiring substrate 2 and the sealing portions 7 and 8. Therefore,
the reliability of the semiconductor device 1 can be improved.

The step S7 of wire bonding 1s conducted 1n a state in which
the lower surface 315 of the wiring substrate 31 faces upward.
The step S8 of molding 1s conducted 1n a state in which the
upper surface 31a of the wiring substrate 31 faces upward.
Theretfore, the wiring substrate 31 1s upside down between the
step S7 and the step S8. Since the embodiment 1 swages
(fixes) the heat-releasing plate 4 to the wiring substrate 31 by
forcibly widening the groove 16 1n the convex part 12 of the
heat-releasing plate 4, the heat-releasing plate 4 can be pre-
vented from separating from the wiring substrate 31 even
when the step S8 of molding 1s conducted 1n a state 1n which
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the upper surface 31q of the wiring substrate 31 faces upward
by 1nverting the surface of the wiring substrate 31 up and
down between the step S7 and the step S8. As a result, the
manufacturing process of the semiconductor device can be
surely executed.

Furthermore, the embodiment 1 positions the semiconduc-
tor chip 5 at the side of lower surface 26 of the wiring sub-
strate 2 as the main surface for forming the external coupling
terminal (solder ball 9 1n the embodiment 1). Accordingly,
there 1s a need of forming the sealing portion 8 at the side of
lower surface 26 (310) of the wiring substrate 2 (31). How-
ever, the sealing portion 8 shall not be formed above the bump
land LA as the terminal for forming the external terminal. To
do this, 1t 1s necessary to form the sealing portion 8 at the side
of lower surface 26 (315) of the wiring substrate 2 (31)
relative to each of the semiconductor device regions 32.

According to the embodiment 1, consequently, in the step
S8 of molding, the resin material MR supplied to the upper
surface 31a side (or the cavity CAV1) of the wiring substrate
31 1s also supplied to the lower surface 315 side (or the cavity
CAV?2) of the wiring substrate 31 via the gap part 15 (and the
gap 18), to thereby form the sealing portion 7¢ at the upper
surface 31a side of the wiring substrate 31 and the sealing
portion 8 at the lower surface 315 side of the wiring substrate
31. The structure allows easy and adequate formation of the
sealing portion 8 at the lower surface 315 side of the wiring
substrate 31 without covering the bump land LA. In addition,
since both the sealing portion 7¢ at the upper surface 31a side
of the wiring substrate 31 and the sealing portion 8 at the
lower surface 315 side of the wiring substrate 31 can be
formed at a time, the number of steps for manufacturing the
semiconductor device can be suppressed.

Since the sealing portion 7 at the upper surface 2a side of
the wiring substrate 2 and the sealing portion 8 at the lower
surface 26 side of the wiring substrate 2 are connected
together via the resin material MR which fills the gap part 15,
the separation of the sealing portions 7 and 8 (separation from
the wiring substrate 2) 1n the semiconductor device 1 can be
suppressed or prevented, and thus the reliability of the semi-
conductor device 1s further improved.

In supplying the resin material MR fed to the upper surtace
31a side (the cavity CAV1 of the upper surface 31a) of the
wiring substrate 31 to the lower surface 315 side (the cavity
CAV?2 ofthe lower surface 315) of the wirings substrate 31 via
the gap part 15 (and the gap 18), the resin material MR easily
f1lls also the gap 19 between the side surface 126 of the convex
part 12 of the heat-releasing plate 4 and the inside wall of the
through-hole 3. As aresult, the adhesion of the heat-releasing,
plate 4 with the wiring substrate 2 (31) can be increased.
Therefore, the reliability of the semiconductor device 1 can
be improved.

The gap part 135 1s formed at least one to each semiconduc-
tor device region 32 (or to a single heat-releasing plate 4). The
number of the gap parts 135 1s, however, preferably more than
one. FIG. 67 1s a cross-sectional view 1llustrating the stage of
filling the cavity CAV2 with the resin material MR.

The resin material MR 1njected into the cavity CAV1 from
the resin gate 56 passes through the gap 18 and the gap part 15
to enter the cavity CAV2. Atthis moment, if the number of the
gap parts 15 1s more than one 1n each semiconductor device
region 32 (the cavity CAV2 of the semiconductor device
region 32), the resin material MR 1s introduced 1nto the cavity
CAV?2 from a gap part 15a which is closer than others to the
resin gate 56, and the air 1n the cavity CAV2 1s discharged to
the cavity CAV1 from other gap part 155 (a gap part close to
the air vent 57), and further 1s vented outside the dies 31 and
52 via the air vent 57.
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Accordingly, 1if more than one gap part 15 are located 1n
cach semiconductor device region 32 (or to a single heat-
releasing plate 4), these gap parts 15 secure at least one for
cach functioning as the resin-injection opening (resin gate) to
the cavity CAV2 and functioning as the gas-vent opening (air
vent) from the cavity CAV2. As aresult, the resin material MR
injected into the cavity CAV1 can surely be supplied to the
cavity CAV2 via the gap part 15, and the sealing portion 8 can
surely be formed.

The gap parts 135 located 1n each semiconductor device
region 32 (or to a single heat-releasing plate 4) preferably
have almost the same size as each other because the resin
material MR which 1s supplied from the gap part 15 (gap part
15a 1n this embodiment) to the cavity CAV2 returns to the
cavity CAV1 from other gap part 15 (the gap part 155 1n this
embodiment) to be used for forming the sealing portion 7¢
and another sealing portion 8. The function allows easy for-
mation of the sealing portions 7¢ and 8. In injecting the resin
material MR 1nto the cavity CAV2, the size of the gap part 15
(the gap part 15a in the embodiment 1) functioning as the
resin injection opening (the resin gate) and the size of the gap
part 15 (the gap part 1556 in the embodiment 1) functioning as

the gas-vent opening (the air vent 1n the embodiment 1) are
almost equal with each other, and the sealing portion 8 1is
formed by the through-molding. On the other hand, the resin
gate 56 allows the resin material MR to pass therethrough.
Since, however, the air vent 57 1s for venting, the air vent 57
(the gap of the air vent 57) 1s smaller than that of the resin gate
56, the gap part 15, and the gap part 18 to allow only very few
amount of the resin material MR to pass therethrough.

It 1s preferable that the planar shape of the through-hole 3
of the wiring substrate 31 (2) and the planar shape of the
convex part 12 of the heat-releasing plate 4 are formed 1n a
rectangle, and that the gap part 15 1s formed at each of four
corners of the rectangle (at the positions of four corners 17).
The structure allows supplying the resin material MR 1njected
into the cavity CAV1 to the cavity CAV2 through the gap part
15 1n a well-balanced state, and thus the sealing portion 8 can
be more accurately formed.

Embodiment 2

According to the manufacturing process described 1n the
embodiment 1, the semiconductor chip 5 1s mounted over the
convex part 12 of the heat-releasing plate 4, and then the
heat-releasing plate 4 with the mounted semiconductor chip 3
1s placed 1n the through-hole 3 of the wiring substrate 31.
According to the embodiment 2, however, the heat-releasing
plate 4 1s placed 1n the through-hole 3 of the wiring substrate
31 before mounting the semiconductor chip 5 over the convex
part 12 of the heat-releasing plate 4, and then the semicon-
ductor chip 5 1s mounted over the convex part 12 of the
heat-releasing plate 4, positioned in the through-hole 3. The
case will be described below referring to FIGS. 68 to 74.

FIG. 68 1llustrates the flow diagram of another manufac-
turing process ol semiconductor device 1 according to the
embodiment 2, which flow diagram corresponds to that of
FIG. 22 of the embodiment 1. FIGS. 69 to 74 are plan views
and cross-sectional views during the manufacturing process
of the semiconductor device 1 1n the embodiment 2. Among
FIGS. 69 to 74, FIG. 69, FIG. 71, and FIG. 73 are the plan
views, and FIG. 70, FIG. 72, and FIG. 74 are the cross-
sectional views.

In the beginning, the steps S1 and S2 provide the wiring
substrate 31 and the frame 41, respectively. The wiring sub-
strate 31 may be provided 1n advance, the frame 41 may be
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provided 1n advance, or the wiring substrate 31 and the frame
41 may be provided simultaneously.

The embodiment 2 does not conduct the step of die-bond-
ing, and applies the step S4 to separate the heat-releasing
plates 4 from the frame 41 by cutting at the frame rim 42 of the
frame 41, and thus the heat-releasing plates 4 are singlated.

Then, as 1llustrated 1n FIG. 69 and FIG. 70, the step S5 1s
conducted to place (insert) the convex part 12 of the heat-
releasing plate 4 (the heat-releasing plate 4 not mounting the
semiconductor chip 5 1n the embodiment 2) in the through-
hole 3 of each semiconductor device region 32 of the wiring,
substrate 31. After that, the step S6 1s conducted to swage
cach heat-releasing plate 4 (the convex part 12 of the heat-
releasing plate 4) to the wiring substrate 31 (each through-

hole 3 of the wiring substrate 31) to fix each heat-releasing
plate 4 to the wiring substrate 31. FIG. 69 and FIG. 70 are the
plan view and the cross-sectional view, respectively, 1llustrat-
ing the stage completed up to the step S6. FIG. 69 shows the
same region as that of FIG. 35, (or three semiconductor
device regions 32), giving the lower surface 315 side of the
wiring substrate 31. FIG. 70 shows the cross section corre-
sponding to FIG. 37, (or the cross section along the C1-C1
line of FIG. 69).

The step S5 of placing the heat-releasing plate 4 and the
step S6 of fixing (swaging) the heat-releasing plate 4 are
conducted in the same way as that described 1n the embodi-
ment 1 except that the semiconductor chip 5 1s not mounted
over the heat-releasing plate 4. Therefore, the detail descrip-
tion of these steps 1s omitted here. At the stage 1n which the
step S6 of fixing (swaging) the heat-releasing plate 4 has been
completed, the semiconductor chip 3 1s not mounted over the
convex part 12 of each heat-releasing plate 4 swaged and
fixed to the wiring substrate 31.

Next 1s the step S3 of die-bonding, where the semiconduc-
tor chip 5 1s mounted to join the main surface 12a of the
convex part 12 of each heat-releasing plate 4 being fixed
(swaged) to the wiring substrate 31 via the joining material
14. In the embodiment 2, the step S3 of die-bonding can be
conducted 1n the following procedure.

As 1llustrated 1n FIG. 71 (plan view of the same region as
that of FIG. 69) and FIG. 72 (cross-sectional view corre-
sponding to FIG. 70), a conductive paste, preterably a silver
paste 145, 1s applied directly on the main surface 12a of the
convex part 12 of each heat-releasing plate 4 placed and fixed
to 1nside the through-hole 3 of each semiconductor device
region 32 of the wiring substrate 31. Then, as illustrated in
FIG. 73 (plan view of the same region as those of FIG. 69 and
FIG. 71) and FIG. 74 (cross-sectional view corresponding to
FIG. 70 and FIG. 72), the semiconductor chip 3 1s mounted
over the main surface 12a of the convex part 12 of each
heat-releasing plate 4 placed and fixed to the through-hole 3
of each semiconductor device region 32 of the wiring sub-
strate 31 via the silver paste 145. After that, heat-treatment or
the like 1s performed to harden the silver paste 145. The silver
paste 145 which was 1n paste form at the time of mounting the
semiconductor chip 5 1s hardened, which hardened silver
paste 145 then joins the semiconductor chip 5 with the convex
part 12 of the heat-releasing plate 4 to fix them together. The
hardened silver paste 145 1s the joining material 14. As can be
seen 1n FIGS. 71 to 74, the step S5 of die-bonding 1s con-
ducted 1n a state in which the lower surface 315 of the wiring
substrate 31 faces upward.

The succeeding steps are the same as those of the manu-
facturing process described in the embodiment 1. That 1s, the
step S7 of wire-bonding 1s conducted, the step S8 of molding
1s conducted, the step S9 of joining solder-ball 9 1s conducted,
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and then the step S10 of cutting 1s conducted. Through these
steps, the semiconductor device 1 illustrated 1n FIGS. 1 to 10
1s manufactured.

The wiring substrate 31 composed of the resin substrate
has poor durability towards high-temperature treatment com-
pared with the frame 41 (heat-releasing plate 4) made of a
metallic material. In the manufacturing process described in
the embodiment 1, the step S3 1s conducted to join the semi-
conductor chip 5 with the heat-releasing plate 4 before con-
ducting the steps S3 and S6 to place and fix the heat-releasing
plate 4 to the wiring substrate 31. Consequently, the heat-
treatment 1n the step S3 of joining the semiconductor chip 5
does not heat the wiring substrate 31. As a result, the high-
temperature heat treatment can be performed 1n the step S3 of
joming the semiconductor chip irrespective of the heat-resis-
tance of the wiring substrate 31. Accordingly, when a high-
temperature heat treatment 1s performed in the step S3 of
joining the semiconductor chip 3, or for example when the
semiconductor chip 5 1s joined with the heat-releasing plate 4
by using the solder 14q having higher melting point than that
of the solder used for the external terminal (the solder ball 9
in the embodiment 2) formed over the bump land LA, use of
the manufacturing process described 1n the embodiment 1 1s
suitable because the wiring substrate 31 1s not damaged dur-
ing the solder retlow 1n the step S3 of joining the semicon-

ductor chip 5.

When a lead-fee solder i1s used for the solder ball 9, the
temperature of solder reflow 1n mounting the semiconductor
device 1 (mounting over the substrate 21 and the like) 1s for
example about 220° C., and when a lead-containing solder 1s
used for the solder ball 9, the temperature of solder reflow 1n
mounting the semiconductor device 1 (mounting over the
substrate 21 and the like) 1s for example about 180° C. On the
other hand, when a high-temperature solder 1s used for the
solder 14a, the solder reflow temperature in the step S3 1s
preferably 1n a region from about 350° C. to about 400° C.
The wiring substrate 31, however, may not endure towards
that high temperature. Regarding this point, the manufactur-
ing process described in the embodiment 1 raises no durabil-
ity problem of the wiring substrate 31 during solder reflow
because the step S3 joins the semiconductor chip 5 with the
heat-releasing plate 4 before conducting the steps S5 and S6
to place and fix the heat-releasing plate 4 to the wiring sub-
strate 41.

Compared with the case of using a silver paste, the use of
solder as the joining material 14 increases the thermal con-
duction of the joiming material 14, which further increases the
thermal conduction from the semiconductor chip 3 to the
heat-releasing plate 4 and thus further improves the heat-
releasing performance of the semiconductor device 1.

According to the manufacturing process described 1n the
embodiment 2, the step S3 1s conducted to join the semicon-
ductor chip 5 with the heat-releasing plate 4 before conduct-
ing the steps S5 and S6 to place and {ix the heat-releasing
plate 4 to the wiring substrate 31. Consequently, the wiring
substrate 31 1s heated during the heat-treatment of the step S3
of joining the semiconductor chip 5. As a result, when the
manufacturing process described 1n the embodiment 2 1s con-
ducted, the heat treatment 1n the step S3 of joining the semi-
conductor chip 3 1s preferably performed at not so high tem-
perature. As described above, 1t 1s preferable that the silver
paste 145b 1s used to join the semiconductor chip 5 with the
heat-releasing plate 4 to avoid damage of the wiring substrate
31 during the heat treatment to harden the joining material
(silver paste 145) 1n the step S3 of joining the semiconductor

chip 5.
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(Embodiment 3)

FIG. 75 and FIG. 76 are cross-sectional views (side surface
cross-sectional views) of a semiconductor device 1a of the
embodiment 3, corresponding to FIG. 1 and FIG. 2 of the
embodiment 1, respectively.

According to the semiconductor device 1 of the embodi-
ment 1, the main surface 12a of the convex part 12 of the
heat-releasing plate 4 1s 1n almost the same plane as that of the
lower surface 2b of the wiring substrate 2, and the height of
the main surface 12a of the convex part 12 of the heat-
releasing plate 4 1s almost the same as the height of the lower
surface 25 of the wiring substrate 2.

In contrast, according to the semiconductor device 1a of
the embodiment 3, the main surface 12a of the convex part 12
ol the heat-releasing plate 4 1s not 1n the same plane as that of
the lower surface 26 of the wiring substrate 2, positioned
(height position) between the lower surface 25 and the upper
surface 2a of the wiring substrate 2. That 1s, according to the
semiconductor device 1a of the embodiment 3, the height
position of the main surface 12a of the convex part 12 of the
heat-releasing plate 4 1s not the same as the height position of
the lower surface 26 of the wiring substrate 2, and 1s not the
same as the height position of the upper surface 2a of the
wiring substrate 2, positioning between the lower surface 26
and the upper surface 2q of the wiring substrate 2. The con-
dition can be obtained by making the height difference (dii-
terence 1n height) between the supporting surtace 13a of the
supporting part 13 and the main surface 12a of the convex part
12 thinner than the thickness of the wiring substrate 2 (or the
height difference between the upper surface 2a and the lower
surface 2b of the heat-releasing plate 2) 1n the heat-releasing
plate 4. The height position of the main surface 12a of the
convex part 12 of the wiring substrate 2, the height position of
the lower surface 256 of the wiring substrate 2, and the height
position ol the upper surface 2a of the wiring substrate 2
s1ignily the height position 1n the vertical direction to the main
surtace 12a, to the lower surface 25, and to the upper surface
2a, respectively.

According to the semiconductor device 1a of the embodi-
ment 3, the height position of the main surface 12a of the
convex part 12 of the heat-releasing plate 4 1s between the
lower surface 26 and the upper surface 2a of the wiring
substrate 2. Consequently, compared with the semiconductor
device 1 of the embodiment 1 1n which the height position of
the main surface 12a of the convex part 12 of the heat-
releasing plate 4 agrees with the height position of the lower
surtface 256 of the wiring substrate 2, the semiconductor device
1a ofthe embodiment 3 gives a low position ol the top surface
5a of the semiconductor chip 5. The above description 1s
given based on the definition that the position of upper surface
2a of the wiring substrate 2 1s selected to be the reference
height, and that the position of lower surface 26 of the wiring,
substrate 2 1s the higher position. Owing to the structure, the
semiconductor device 1a of the embodiment 3 can reduce the
thickness of the sealing portion 8 compared with that of the
semiconductor 1 of the embodiment 1 described above.

Since the structures of other components of the semicon-
ductor device 1a of the embodiment 3 are almost equal to
those of the semiconductor device 1 of the embodiment 1, the
description thereot 1s not given here. The manufacturing pro-
cess of the semiconductor device 1a of the embodiment 3 1s
almost the same as that of the semiconductor device 1. There-
fore, the semiconductor device 1a of the embodiment can be
manufactured by a similar process of the embodiment 1 or the
embodiment 2.

The semiconductor device 1a of the embodiment 3 makes
the height position of the main surface 12a of the convex part
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12 of the heat-releasing plate 4 lower than the height of the
lower surface 2b6 of the wiring substrate 2 (the description 1s
given based on the definition that the position of upper surface
2a of the wiring substrate 2 1s selected to be the reference
height, and that the position of lower surface 25 of the wiring
substrate 2 1s the higher position). The structure lowers the
height position of the top surface 5a of the semiconductor
chip 5 to make the height position of the top surface 5a of the
semiconductor chip 5 near to the height position of the lower
surface 2b of the wiring substrate 2. Since the step of wire
bonding 1s easily conducted at small difference in height
between the electrode pad PD of the semiconductor chip 5
and the bonding lead BL of the wiring substrate 2, the semi-
conductor device 1a of the embodiment 3 makes the height
position of the top surface Sa of the semiconductor chip 5 near
to the height position of the lower surface 26 of the wiring
substrate 2, which makes the step S7 of wire-bonding easy.

According to the embodiment 3, since the height position
of the top surface 5a of the semiconductor chip 5 becomes
close to the height position of the lower surface 26 of the
wiring substrate 2, the thickness of the sealing portion 8 can
be reduced, which 1s advantageous 1n thickness reduction of
the semiconductor device.

On the other hand, as i1n the case of the semiconductor
device 1 of the embodiment 1, when the main surface 12a of
the convex part 12 of the heat-releasing plate 4 1s set to be
almost the same height position as that of the lower surface 256
of the wiring substrate 2, the volume of the convex part 12 of
the heat-releasing plate 4, (further the volume of the heat-
releasing plate 4), can be increased, and thus the heat-releas-
ing performance (heat-release properties ) of the semiconduc-
tor device can further be improved.

(Embodiment 4)

FIG. 77 and FIG. 78 are the cross-sectional views (side
surface cross sectional views) of a semiconductor device 15
of the embodiment 4, corresponding to FIG. 1 and FIG. 2 of
the embodiment 1, respectively. FIG. 79 1s the upper surface
view o1 the semiconductor device 15 of the embodiment 4,
corresponding to FIG. 5 of the embodiment 1. FIG. 80 is the
lower surface view of the semiconductor device 15 of the
embodiment 4, corresponding to FIG. 6 of the embodiment 1.
FIG. 81 1s the plane perspective view (lower surface view) of
the semiconductor device 15, 1llustrating the lower surface
side of the semiconductor device 16 when seen through the
sealing portion 8, corresponding to FIG. 8 of the embodiment
1. FIG. 82 1s the plane perspective view (lower surface view)
of the semiconductor device 1 1n a state in which, 1n FIG. 81,
the bonding wire BW and the semiconductor chip 3 are fur-
ther removed (seen through), corresponding to FIG. 10 of the

embodiment 1. The cross section along the A1-Al line 1n

FIGS. 79 to 82 almost corresponds to FIG. 77. The cross
section along the A2-A2 line 1n FIGS. 79 to 82 almost corre-
sponds to FIG. 78. For the convenience of understanding,
FIG. 81 shows the outer periphery of the sealing portion 8
seen through, by a broken line.

In the semiconductor device 1 of the embodiment 1, the
sealing portion 7 1s formed at upper surface 2a side of the
wiring substrate 2, and the sealing portion 8 1s formed at lower
surface 2b side of the wiring substrate 2. In contrast, 1n the
semiconductor device 15 of the embodiment 4, shown 1n
FIGS. 77 to 82, although the sealing portion 8 1s formed at the
lower surface 2b side of the wiring substrate 2, no sealing
portion corresponding to the sealing portion 7 1s formed
above the upper surface 2a of the wiring substrate 2. Conse-
quently, in the semiconductor device 15 of the embodiment 4,
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not only the rear surface 115 of the base material part 11 of the
heat-releasing plate 4 but also the side surface 11¢ of the base
material part 11 1s exposed.

Since the embodiment 4 does not form the one correspond-
ing to the sealing portion 7, there 1s no need of the gap part 15
which functions as the tlow passage of the resin material MR
from the upper surface 31qa to the lower surface 315 of the
wiring substrate 31. Accordingly the embodiment 4 does not
form the gap part 135 between the 1nside wall of the through-
hole 3 of the wiring substrate 2 and the side surface 1256 of the
convex part 12 of the heat-releasing plate 4. Although 1n the
embodiment 1, the gap 18 between the main surface 11a of
the base material part 11 of the heat-releasing plate 4 and the
upper surface 2a of the Wmng substrate 2 also functioned as
the flow passage of the resin material MR to the gap part 15,
the embodiment 4 needs neither gap 18 nor the gap part 15. In
the embodiment 4, therefore, the supporting part 13 1s not
needed in the heat-releasing plate 4, and 1t 1s preferable that
the main surface 11a (the region havmg no convex part 12) of
the base material part 11 of the heat-releasmg plate 4 contacts
with the upper surface 2a of the wiring substrate 2. To do this,
the resin material MR 1s not filled between the main surface
11a (the region having no convex part 12) of the base material
part 11 of the heat-releasing plate 4 and the upper surface 2a
of the wiring substrate 2. Since the semiconductor device 15
of the embodiment 4 has basically the same structure as that
of the semiconductor device 1 of the embodiment 1 except for
the above structure, the description thereof 1s not given here.

The manufacturing process of the semiconductor device 15
ol the embodiment 4 will be described below. FIGS. 83 to 86
illustrate the manufacturing process of the semiconductor
device 15 of the embodiment 4, showing the cross section
corresponding to FIG. 77.

Regarding the manufacturing process of the semiconduc-
tor device of the embodiment 4, steps before the step S8 of
molding are basically the same as those of the embodiment 1
or the embodiment 2. Since, however, the gap part 15 1s not
necessary, the shape of the convex part 12 of the heat-releas-
ing plate 4 (planar shape), and the shape of the through-hole
3 of the wiring substrate 31 (planar shape), are 1n a shape not
forming the gap part 15. For example, the planar shape of the
through-hole 3 of the wiring substrate and the planar shape of
the convex part 12 of the heat-releasing plate 4 may be a
quadrangle having a near-right angle at each corner. With the
configuration, when the steps S35 and S6 are conducted to fix
the heat-releasing plate 4 to the wiring substrate 31, the inside
wall of the through-hole 3 of the wiring substrate 31 and the
side surface 1256 of the convex part 12 of the heat-releasing
plate 4 become close to each other 1n almost entire region, and
thus the gap part 15 1s not formed. Above the main surface 11a
of the base material part 11 of the heat-releasing plate 4,
although the convex part 12 1s formed, the supporting part 13
1s not formed, and 1t 1s preferable that the main surface 11a
(entire region in which the convex part 12 1s not formed) of the
base material part 11 of the heat-releasing plate 4 contacts
with the lower surface 315 of the wiring substrate 31. With the
structure, the main surface 11a (entire region in which the
convex part 12 1s not formed) of the base matenial part 11
functions as the supporting part 13.

In the same as the embodiment 1 or the embodiment 2, the
steps until the step S7 of wire bonding are conducted to
prepare the structure of FIG. 83 corresponding to that of FIG.
39, and then the step of molding 1s carried out to conduct resin
sealing to form the resin sealing portion 8. The method of
molding differs from the methods 1n the embodiments 1 and
2. The step of molding (forming the sealing portion 8) of the
embodiment 4 1s described below.
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As 1llustrated 1n FIG. 84, the wiring substrate 31 in a state
in which the steps S1 to S7 were applied and the heat-releas-
ing plate 4 was fixed (swaged) 1s placed between a die 61 and
a die 62 as the upper die and the lower die, respectively, and
then the wiring substrate 31 i1s sandwiched to be clamped
(ixed) therebetween.

In the embodiment 1, the wiring substrate 31 1s sandwiched
to clamp thereof between the dies 51 and 52 so that the upper
surface 31a of the wiring substrate 31 faces upward against
the upper die (the die 51), and so that the lower surface 315 of
the wiring substrate 31 faces against the lower die (the die 52).
In contrast, according to the embodiment 4, the wiring sub-
strate 31 1s sandwiched to clamp thereol between the dies 61
and 62 so that the lower surtace 315 of the wiring substrate 31
faces upward against the upper die (the die 61), and so that the
upper surface 31a of the wiring substrate 31 faces against the
lower die (the die 62).

When the wiring substrate 31 1s clamped between the dies
61 and 62, as illustrated in FI1G. 84, a cavity CAV3 1s formed
between the lower surface 315 of the wiring substrate 31 and
the die (upper die) 61. The cavity CAV3 1s a cavity (a hollow
space) for forming the sealing portion 8, and the cavity CAV3
1s Tormed 1n each semiconductor device region 32.

In clamping the wiring substrate 31 between the dies 61
and 62, 1t 1s preferable that the sheet 53 1s attached to the face
of the die (upper die) 61 contacting with the lower surface 315
of the wiring substrate 31, and that the sheet 53 exists between
the die (upper die) 61 and the wiring substrate 31 to avoid
direct contact of the die (upper die) 61 with the lower surface
31b6 of the wiring substrate 31. In this state, an openming 1s
formed 1n the sheet 53 at a position corresponding to the
cavity for forming the sealing portion 8. With the opening, the
resin can fill 1n the cavity CAV3 through the resin gate 63
formed at upper part (bottom face of the cavity) of the cavity
CAV3. The sheet 53 has higher elasticity than that of the die
(upper die) 61, and has a heat resistance durable to the tem-
perature of the step of molding. The sheet 53 can be prepared
by aresin sheet such as a polyimide resin sheet. The use of the
sheet 53 prevents the contact of the bump lands LA 1n each
semiconductor device region 32 above the lower surface 315
of the wiring substrate 31 with the die 61, though the bump
lands LA contact with the sheet 53. Accordingly, the bump
lands LA above the lower surface 315 of the wiring substrate
31 can be prevented from being damaged by the die 61 having
high rigidity. If, however, the flaws generated in the bump
land LA are not at a magmitude of raising problem 1n connect-
ing with the solder ball as the external terminal, the sheet 53
1s not necessarily used.

After clamping the wiring substrate 31 by the dies 61 and
62, as 1llustrated 1in FIG. 85, the resin material MR for form-
ing the sealing portion 8 1s mjected (supplied) to the cavity
CAV3 formed between the lower surface 3156 of the wiring
substrate 31 and the die (upper die) 61 from the resin gate 63
(the resin gate opening, the resin injection opening). Here, the
resin gate 63 1s positioned at upper part of the cavity CAV3,
and the dies 61 and 62 are top-gate type molding dies.

After filling the cavity CAV3 with the resin maternial MR,
the resin material MR 1n the cavity CAV3 1s hardened by
heating and the like. The resin material MR 1n the cavity
CAV3 1s hardened to become the sealing portion 8. Then, the
dies 61 and 62 are released, and as 1llustrated 1n FIG. 86, the
wiring substrate 31 mounting the sealing portion 8 thereon 1s
taken out.

The sealing portion 8 1s formed so as to cover the semicon-
ductor chip 5 and the bonding wire BW 1n each of the semi-
conductor device regions 32 of the lower surface 315 of the
wiring substrate 31, and the sealing portions 8 formed 1n the
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respective semiconductor device regions 32 are separated
from each other. In each semiconductor device range 32 of the
lower surface 315 of the wiring substrate 31, the sealing
portion 8 1s not formed 1n the region 1n which the bump lands
LA are arranged, and 1s formed at a position close to the center
than the region 1n which the bump lands LA are arranged.
Consequently, 1n each semiconductor device region 32 of the
lower surface 315 of the wiring substrate 31, the sealing
portion 8 1s formed so as to cover the semiconductor chip 3,
the main surface 12a of the convex part 12 of the heat-
releasing plate 4, the bonding wire BW, and the bonding lead
BL, but so as not to cover the bump land LA.

After that, the step S9 of connecting the solder ball and the
step S10 of cutting the wiring substrate 31 are performed. The
step S9 of connecting the solder ball 9 1n the embodiment 4
can be performed 1n the same manner as that of the embodi-
ment 1. As for the step S10 of cutting the wiring substrate 31,
the embodiment 1 cuts also the sealing portion 8 together with
the wiring substrate 31. Since, however, 1n the embodiment 4,
the sealing portion 7¢ 1s not formed, the wiring substrate 31
may be cut.

The embodiment 4 describes the case of forming the seal-
ing portion 8 by the top-gate method (the method of introduc-
ing the resin material MR to the cavity CAV3 from the resin
gate 63 at upper part of the cavity CAV3). As another embodi-
ment, the potting method can be applied to form the sealing
portion 8. Also 1n the case of applying the potting method to
form the sealing portion 8, the adhesion of the resin material
MR to the bump land LA at lower surface 315 of the wiring
substrate 31 1s avoided to be prevented from covering the
bump land LA by the sealing portion 8.

In the same way as the embodiment 3, 1n the embodiment
4, the height position of the main surface 12a of the convex
part 12 of the heat-releasing plate 4 can be set as the height
position between the lower surface 26 and the upper surface
2a of the wiring substrate 2.

Since 1n the embodiment 4, the seal resin part 1s not formed
at the upper surface 2a (31a) side of the wiring substrate 2
(31), the resin material (such as resin burr) does not adhere to
the rear surface 116 and the side surface 11c¢ of the base
material part 11 of the heat-releasing plate 4, and the heat-
releasing plate 4 1s easily exposed. As a result, the heat-
releasing plate 4 of the semiconductor device 15 can easily be
connected with heat-releasing fins (not shown), the casing 24,
and the like.

As described above, 1n the semiconductor devices 1 and 1a
in above embodiments 1 to 3, the resin material MR supplied
to the upper surface 31a side (the cavity CAV1 of the upper
surface 31a) of the wiring substrate 31 1s also supplied to the
lower surface 315 side (the cavity CAV2 of the lower surface
31b) of the wiring substrate 31 through the gap 18 and the gap
part 15. As a result, in the embodiments 1 to 3, the resin
material MR f{ills also the gap 18 between the main surface
11a of the base matenal part 11 of the heat-releasing plate 4
and the upper surface 2a (31a) of the wiring substrate 2 (31),
and also fills the gap part 15 between the side surface 126 of
the convex part 12 of the heat-releasing plate 4 and the inside
wall of the through-hole 3. As a result, the heat-releasing plate
4 can be firmly fixed to the wiring substrate 2, and thus the
reliability of the semiconductor devices 1 and 1a can be
turther 1improved. Therefore, the semiconductor devices 1
and 1a in the embodiments 1 to 3 are advantageous 1n view of
increasing the holding power of the heat-releasing plate 4 1n
the semiconductor devices 1, 1a, and 154.

According to the embodiments 1 to 3 and to the embodi-
ment 4, as described above, since the heat-releasing plate 4 1s
swaged (fixed) to the wiring substrate 31 by forcibly widen-
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ing the groove 16 1n the convex part 12 of the heat-releasing
plate 4, a region close to the main surface 11a, 1n the side
surface 125 of the convex part 12, as illustrated in FIG. 54 and
FIG. 60, contacts with the imnside wall of the through-hole 3 of
the wiring substrate 31. However, 1n a region close to the main
material part 11, there 1s a slight gap 19 from the 1nside wall
of the through-hole 3 of the wiring substrate 31. The gap 19
can be filled with the resin material MR in forming the sealing
portions 7¢ and 8 1n the embodiments 1 to 3, or in forming the
sealing portion 8 1n the embodiment 4. Thus, the contact
(adhesion) of the heat-releasing plate 4 with (to) the wiring
substrate 2 1s improved, and the holding power of the heat-
releasing plate 4 1s increased. However, the gap 19 1s formed
at the base matenial part 11 side of the side surface 125 of the
convex part 12, and the region close to the main surface 11qa
contacts with the inside wall of the through-hole 3 of the
wiring substrate 31. Therefore, to fill the gap 19 with the resin
material MR, the embodiments 1 to 3 of supplying the resin
material from the upper surface 31a side of the wiring sub-
strate 31 are more advantageous than the embodiment 4 of
supplying the resin material MR to the lower surface 315 side
of the wiring substrate 31. That 1s, the filling rate of the resin
material MR 1n the gap 19 tends to be higher in the embodi-
ments 1 to 3 than 1n the embodiment 4. Also from this point of
view, the semiconductor devices 1 and 1a of the embodiments
1 to 3 can increase the holding power of the heat-releasing
plate 4 more than the semiconductor device 15 of the embodi-
ment 4.

(Embodiment 5)

The embodiment 5 1s a modified example of the embodi-
ment 1.

FIG. 87 and FIG. 88 are the cross-sectional views (side
surface cross-sectional views) of a semiconductor device 1c¢
of the embodiment 5, corresponding to FIG. 1 and FIG. 2 of
the embodiment 1. FIG. 89 1s alower surface view (plan view)
of the heat-releasing plate 4 used in the semiconductor device
1c of the embodiment 35, corresponding to FIG. 14 of the
embodiment 1. The cross section of FIG. 87 1s the one (the
cross section along the A1-Al line) corresponding to FIG. 1,
and 1n view of the heat-releasing plate 4, the cross section
corresponds to the one along the B1-B1 line of FIG. 89. The
cross section of FIG. 88 1s the one corresponding to FIG. 2
(the cross section along the A2-A21 line), and 1n view of the
heat-releasing plate 4, the cross section corresponds to the
one along the B2-B2 line of FIG. 89.

As described 1n the embodiment 1, the heat-releasing plate
4 integrally has: the base material part 11 having the main
surface 11a facing the upper surface 2a of the wiring substrate
2; the convex part 12 positioned at central part of the main
surface 11a of the base material part 11 and located in the
through-hole 3 of the wiring substrate 2, protruding from the
base maternial part 11; and the supporting part 13, formed
above the main surface 11a of the base material part 11 and
contacting with the upper surface 2a of the wiring substrate 2.
In the heat-releasing plate 4, the convex part 12 1s inserted 1n
the through-hole 3 from the upper surface 2a side of the
wiring substrate 2, and both of the base material part 11 and
the supporting part 13 are located at the upper surface 2a side
of the wiring substrate 2 and at the outside of the through-hole
3. The supporting part 13 is provided in order to separate the
main surface 11a of the base material part 11 from the upper
surface 2a of the wiring substrate 2, (or forms the gap 18), by
the contact of the supporting surface 13a of the supporting
part 13 with the upper surface 2a of the wiring substrate 2.
The gap 18 functions as the flow passage of the resin material
MR together with the gap part 15 between the side surface
125 of the convex part 12 of the heat-releasing plate 4 and the
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inside wall of the through-hole 3 1n the step S8 of molding. To
do this, the gap part 15 between the side surface 125 of the
convex part 12 of the heat-releasing plate 4 and the inside wall
of the through-hole 3 1s necessary to connect to the side
surface 11c ofthe base material part 11 via the gap 18 between
the main surface 11a of the base material part 11 of the
heat-releasing plate 4 and the upper surface 2a of the wiring,
substrate 2. This structure 1s common to that of the embodi-
ment 1.

As seen 1n comparison with FI1G. 89 and F1G. 14, there 1s a
difference between the embodiment 5 and the embodiment 1
in the layout of the supporting part 13 at the main surface 11a
ol the base material part 11 of the heat-releasing plate 4. Other
than the layout of the supporting part 13 of the main surface
11a of the base material part 11 of the heat-releasing plate 4,
the semiconductor device 1¢ of the embodiment 5 has almost
the same structure as that of the semiconductor device 1 of the
embodiment 1.

That 1s, as 1llustrated 1n FIG. 14, the embodiment 1 locates
the supporting part 13 for the main surface 11a of the base
material part 11 of the heat-releasing plate 4 at a position
adjacent to each of the four side surfaces 125 of the convex
part 12 and at a position of avoiding the gap part 15, (the
position of avoiding the four corners 17), while neither sup-
porting part 13 nor convex part 12 1s located 1n the outer
peripheral area of the main surface 11a of the base material
part 11. As a result, compared with the area of the supporting,
part 13, the area of the main surface 11a of the base material
part 11, (the region 1n which neither supporting part 13 nor
convex part 12 1s located), becomes large, and the area of the
plane region 1n which the gap 18 1s formed, (corresponding to
the plane region viewed 1n a plane parallel with the upper
surface 2a of the wiring substrate 2), becomes larger than the
area of the supporting surface 13a of the supporting part 13
contacting with the upper surface 2a of the wiring substrate 2.
Owing to the structure, the step S8 of molding allows the resin
material MR supplied to the upper surface 31a side (the cavity
CAV1 of the upper surface 31a) of the wiring substrate 31 to
casily tlow, through the gap 18, to the gap part 18 between the
side surface 125 of the convex part 12 of the heat-releasing
plate 4 and the 1nside wall of the through-hole 3. Therefore,
the layout of FIG. 14 1s highly preferable.

Since, however, the gap 18 between the main surface 11a of
the base material part 11 of the heat-releasing plate 4 and the
upper surface 2a of the wiring substrate 2 1s formed as the
flow passage of the resin material MR, the function as the flow
passage ol the resin material MR, at the minimum, can be
secured if only the gap part 15 between the side surface 126 of
the convex part 12 of the heat-releasing plate 4 and the inside
wall of the through-hole 3 1s connected to the side surface 11c¢
of the base material 11 through the gap 18 between the main
surface 11a of the base material part 11 of the heat-releasing
plate 4 and the upper surface 2a of the wiring substrate 2.
Consequently, the layout of the supporting part 13 of the main
surface 11a of the base material part 11 of the heat-releasing
plate 4 can be varied 1n many ways. That 1s, the layout of the
supporting part 13 can be designed so that the gap part 15
between the side surface 125 of the convex part 12 of the
heat-releasing plate 4 and the inside wall of the through-hole
3 connects with the side surface 11c¢ of the base material part
11 through the gap 18 between the main surface 11q of the
base material part 11 of the heat-releasing plate 4 and the
upper surface 2q of the wiring substrate 2.

For example, as 1llustrated 1n FIG. 89, in the main surface
11a (the region 1n which the convex part 12 1s formed) of the
base material part 11 of the heat-releasing plate 4, the design
can be given so as to locate a region 71 (the region not
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contacting with the upper surface 2a of the wiring substrate
2a) sunken below the level of the supporting part 13, extend-
ing radially from the four corners 17 of the convex part 12 to
the four corners of the base material part 11, thus fixing the
gap 18, and so as to make use of the entire main surface 11a
other than the concave region 71 as the supporting part 13 to
bring into contact with the upper surface 2a of the wiring
substrate 2. In this case, as seen 1n FIGS. 87 to 89, since the
gaps 18 are formed at the four corners 17 of the convex part 12
to extend radially from the gap part 15 toward the four corners
of the base matenal part 11, the resin material MR supplied to
the upper surface 31a side (the cavity CAV1 of the upper
surface 31a) of the wiring substrate 31 can be supplied to the
lower surface 315 side (the cavity CAV2 of the lower surface
31b) of the wiring substrate 31 through the gap 18 and the gap
part 15 1s the step S8 of molding.

The present invention made by the mventor 1s described
above 1n detail referring to the embodiments. The present
invention 1s, however, not limited to these embodiments, and
can be changed or modified without departing from the spirit
and the scope of the invention.

The present mvention 1s useful in being applied to the
semiconductor device of the semiconductor package type and
to the method of manufacturing thereof.

What 1s claimed 1s:
1. A method of manufacturing a semiconductor device,
comprising the steps of:
(a) providing a wiring substrate including a first main sur-
face, a first rear surface opposite to the first main surface,
a through-hole penetrating the wiring substrate from the
first main surface to the first rear surface, a plurality of
bonding leads formed over the first rear surface and

formed around the through-hole 1 plan view, and a
plurality of bump lands formed over the first rear surface
and respectively coupled with the bonding leads;

(b) providing a heat-releasing plate including a base mate-
rial part having a second main surface and a second rear
surface opposite to the second main surface, a convex
part of the heat-releasing plate being positioned at a
central part of the second main surface of the base mate-
rial part and protruding from the base material part, and
a supporting part formed over the second main surface of
the base material part;

(¢) mounting a semiconductor chip, including a third main
surface having a plurality of electrode pads, over the
convex part of the heat-releasing plate;

(d) placing the heat-releasing plate with respect to the first
main surface of the wiring substrate such that the second
main surface of the base material part faces the first main
surface of the wiring substrate, such that the convex part
1s positioned in the through-hole, and such that the sup-
porting part contacts with the first main surface of the
wiring substrate;

(e¢) atter the step (d), fixing the heat-releasing plate to the
wiring substrate;

(1) after the step (e), coupling the electrode pads of the
semiconductor chip with the bonding leads of the wiring,
substrate via respective conductive coupling members;
and

(g) after the step (1), sealing the semiconductor chip and the
conductive coupling members with a resin material,

wherein the convex part of the heat-releasing plate pro-
vided in the step (b) has a fourth main surface having a
groove formed therein and a side surface positioned
between the fourth main surface and the second main
surface of the base material part,
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wherein the supporting part has a supporting surface posi-
tioned between the fourth main surface of the convex
part and the second main surface of the base material,
and a side surface positioned between the supporting
surface and the second main surface of the base material,

wherein, 1n the step (¢), the semiconductor chip 1s mounted
over the fourth main surface of the convex part,

wherein, in the step (d), the heat-releasing plate 1s posi-
tioned with respect to the first main surface of the wiring
substrate such that the side surface of the convex part
positioned 1n the through-hole faces an inside wall of the

through-hole, and

wherein, 1n the step (e), a portion of the side surface of the
convex part 1s brought 1nto contact with the inside wall
of the through-hole by forcibly widening the groove 1n
the fourth main surface of the convex part, and the heat-
releasing plate 1s thus fixed to the wiring substrate.

2. The method of manufacturing a semiconductor device
according to claim 1, wherein, in the step (), the groove in the
fourth main surface of the convex part 1s widened forcibly by
using a jig.

3. The method of manufacturing a semiconductor device
according to claim 2, wherein the convex part of the heat-
releasing plate has the groove in a peripheral area of the fourth
main surface.

4. The method of manufacturing a semiconductor device
according to claim 3, wherein, in the step (c¢), the semicon-
ductor chip 1s mounted over the fourth main surface of the
convex part at a position closer to a center of the convex part
than the groove.

5. The method of manufacturing a semiconductor device
according to claim 4, further comprising the step (h), aiter the
step (g), of forming a plurality of external terminals above the
bump leads directly on the wiring substrate.

6. The method of manufacturing a semiconductor device
according to claim 5,

wherein, after the step (e), a first gap part exists at least at

one position between the side surface of the convex part
and the inside wall of the through-hole, which gap part
separates the side surface of the convex part from the
inside wall of the through-hole and penetrates from the
first main surface to the first rear surface of the wiring
substrate, and

wherein, 1n the step (g), the resin material 1s supplied to the

first main surface side of the wiring substrate and also to
the first rear surface side of the wiring substrate through
the first gap part.

7. The method of manufacturing a semiconductor device
according to claim 6,

wherein, 1n the step (g), a first sealing portion 1s formed at

the first rear surface side of the wiring substrate, and a
second sealing portion 1s formed at the first main surface
side of the wiring substrate by using the resin material,
and

wherein the semiconductor chip and the conductive cou-

pling members are sealed by the first sealing portion.

8. The method of manufacturing a semiconductor device
according to claim 7, wherein, after the step (e), the first gap
part exists at more than one position between the side surface
of the convex part and the mside wall of the through-hole.
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9. The method of manufacturing a semiconductor device
according to claim 8,

wherein, after the step (e), the supporting part contacts with
the first main surface ol the wiring substrate, and a gap 1s
formed between the second main surface of the base
material part and the first main surface of the wiring
substrate, and

wherein, 1n the step (g), the resin material supplied to the
first main surface side of the wiring substrate 1s supplied
to the first rear surface side of the wiring substrate

through the gap and the first gap part.

10. The method of manufacturing a semiconductor device
according to claim 9, wherein, 1n the step (g), the resin mate-
rial also fills the gap and the first gap part.

11. The method of manufacturing a semiconductor device
according to claim 10, wherein the second rear surface of the
base material part of the heat-releasing plate 1s exposed from
the first sealing portion.

12. The method of manufacturing a semiconductor device
according to claim 11, wherein, in the step (g), the resin
matenal fills between the side surface of the convex part not
directly contacting with the inside wall of the through-hole
and the 1nside wall of the through-hole.

13. The method of manufacturing a semiconductor device
according to claim 12, wherein a plan shape of the through-
hole of the wiring substrate provided in the step (a) and a plan
shape of the convex part of the heat-releasing plate provided
in the step (b) are each a rectangle, and a corresponding first
gap part 1s formed at each of the four corners of the respective
rectangles.

14. The method of manufacturing a semiconductor device
according to claim 13, wherein the fourth main surface of the
convex part of the heat-releasing plate fixed to the wiring
substrate 1n the step (e) 1s positioned at a height between the
first main surface of the wiring substrate and the convex part.

15. The method of manufacturing a semiconductor device
according to claim 13, wherein the fourth main surface of the
convex part of the heat-releasing plate fixed to the wiring
substrate 1n the step (e) 1s positioned at substantially a same
height as that of the position of the first main surface of the
wiring substrate.

16. The method of manufacturing a semiconductor device
according to claim 1, wherein the step (d) 1s conducted after
the step (c¢), and the step (d) places the heat-releasing plate
with respect to the first main surface of the wiring substrate
such that the convex part over which the semiconductor chip
1s mounted 1s positioned 1n the through-hole.

17. The method of manufacturing a semiconductor device
according to claim 16, wherein, in the step (¢), the semicon-
ductor chip 1s mounted over and joined with the fourth main
surface of the convex part of the heat-releasing plate via a
solder.

18. The method of manufacturing a semiconductor device
according to claim 1, wherein the step (d) 1s conducted before
the step (c).

19. The method of manufacturing a semiconductor device
according to claim 18, wherein, in the step (¢), the semicon-
ductor chip 1s mounted over and joined with the fourth main
surface of the convex part of the heat-releasing plate via a
silver paste.
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